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I. INTRODUCTION

The present work ts in essence a somewhat Condensed Ver-

sion of the author's doctoral thesis 'The palaeobiology of the

bivalve family Pectinidae in the Jurassic of Europe' (Johnson,

1980). The Propeamussiidae were also included in the latter

work, the word Pectinidae being interpreted sensu lato to

mean all scallops. The original research was undertaken with a

view to providing data for the then nascent debate over the

tempo and mode of evolution (review in Gould and El

dredge, 1977) and it is hoped to discuss the evolutionary im-

plications of the data presented herein in a future publication.

In the course of the research the author undertook exten-

sive field work in England (supplemented by studies in France

and Germany) and examined museum material preserved in

some 18 institutions spread through England, France and

Germany. To all those who helped by making collections

available for study and to the many others who assisted in the

research (financed from the Burdett-Coutts Fund, University

of Oxford) grateful thanks are offered. A füll list of acknowl-

edgements is presented in the author's thesis. Latterly, Mrs.

V. Jenkins has been of the greatest assistance in typing correc-

tions to the final draught of the manuscript.

The original study was sueeeeded by an investigation of the

Upper Triassic and Lower Jurassic bivalves of alpine Europe.

Relevant Information from the latter research, financed by the

Alexander-von-Humboldt-Stiftung and carried out at the

Universitäts-Institut für Paläontologie und historische

Geologie, München (where the author's collection is now
housed), has been incorporated herein.

It proved impossible to gain more than a very superficial

picture of the palaeobiology of a suite of distinetive species

largely confined to the Tithonian of southern and alpine

Europe. These species (for which d'Orbigny's (1850) name

Pecten Insularum, Gemmellaro and Di Blasi's (1874) names

P. nebrodensis, P. oppeli, P. billiemensis, P. siculus,

P. polyzonites, P. acrorysiis, P. poecilographtts, P. zitteli and

P. grammoproticus, Boehm's (1883) names P. clare rugatus

and P. fraudator and Blaschke's (1911) name P. polycyclus

are available) are exeluded from formal treatment herein. The

genus Weyla, which oecurs in Europe but is far more abun-

dant in the Americas (Damborenea and Mancenido, 1979) is

also exeluded. Data on the extra-European distribution of the

formally analysed species has however been included in order

to present a more complete picture of the palaeobiology of

these species.

Mode of life was |udged in some cases by drawing analogies

with living, morphologically similar forms. However, in an

attempt to introduce more rigour into the analysis, a variant

of the 'paradigm' approach (Rudwick, 1964) was also emp-

loyed. The methodology here is comparison of the given shell

morphology with sets of ideal dimensions and qualities (the

paradigms - presented in Part II) devised for the various

modes of life.

SPECIES CONCEPT

If significant morphological evolution oecurs in some frac-

tion of a species' total population or if it oecurs throughout a

species' total population in two or more different directions

we have speciation, in the multiplicative sense of the word.

Significant morphological evolution in the same direction

throughout a species' total population (phyletic evolution) is

speciation in the non-multiplicative sense of the word. A
number of notable modern authors (e. g. Gould and El-

dredge, 1977: 119; Stanley, 1978: 27, 28) have restricted

their use of the term speciation to the multiplicative process in

order to simplify discussion of the relative importance of this

and the non-multiplicative mode of evolution. Since such dis-

cussion was one of the author's research objeetives (see above)

the 'modern' approach has been followed herein. It has the ef-

fect that separate specific names can only be applied to the

separate branches emanating from a branching point in a

phylogenetic tree (i. e. the branches themselves cannot be

subdivided into separate species even if they signify consider-

able phyletic evolution). Whether all of the two or more

descendant branches should be aecorded different specific

names must be deeided by whether they can all be thought of

as constituting fresh branches. This in turn must be deeided

by the mode of arrangement of the branches in the case in

question. Four basic configurations can be envisaged (text

fig. 1). In a) andb) itisclearthat bothD, and D2 should be ae-

corded a different specific name to A while in c) it is corres-

pondingly clear that D2 must be aecorded the same specific

name as A. The latter is also the most logical Solution to d) al-

though it is less easy to pereeive D2 and A as parts of the same

branch. In practice, of course, only segments of the branches

of a phylogenetic tree are known. Where such segments over-

lap temporally it is clear that they must be aecorded separate

specific names. In the case of stratigraphically separated but

obviously related segments one can only guess whether they
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al Ancestral stasis. evolution

both descendants

b) Ancestral evolulion . evolution in both

descendants. in each case in a direction

other than that of ancestor.

LEFT

-^anterior disc flanks

LU

2

M0RPH0L0GY

et Ancestral stasis. evolution in d) Ancestral evolution. evolution in both

one descendant. descendants, but only in one in a direction

other than that of ancestor.

°2

LU

M0RPH0L0GY

A = ANCESTOR ; D,, D2
= DESCENDANTS

Text fig. 1: The four basic potencial branch configurations about a

simple bifurcation in a phylogenetic tree.

constitute parts of the same branch and should therefore be

aecorded the same specific name, or whether they constitute

parts of different branches and should therefore be aecorded

separate specific names. Thus in such cases application of the

'modern' species coneept defeats the obiect for which it was

originally introduced, that of clearly differentiating multi-

plicative from non-multiplicative processes of evolution. If

such cases are commonone might just as well employ a 'tradi-

tional' species coneept. The author came across relatively few

instances where an arbitrary decision had to be made and

therefore feels justified in having employed the 'modern' con-

eept.

DORSAL
-Insertion of inner Ugament or resilium

=msertion of outer hgament

anterior auricle

byssal noteh (byssal smus l

ctenohum

pallial line-

ANTERIOR

posterior auricle

adduetor Insertion

POSTERIOR

VENTRAL

Text fig. 2: Simplified interiorview of the right valveof theextant

pectinid Gloripallium pallium; I. v. = left valve (adapted from Wal-
ler, 1972b: 228).

DORSAL umbones VENTRAL

antero-dorsal disc gape

-^anterior auncles

RIGHT

Text fig. 3: Simplified anterior view of the extant pectinid Argo-

pecten purpuratus (adapted from Waller, 1969:9).

GENERALFEATURESANDDESCRIPTIVE
TERMINOLOGY

Text figs. 2 and 3 illustrate major features of typical pec-

cinids and serve to introduce most of the potentially unfamil-

iar morphological terms employed herein. A few of the terms

appear tohave been invented by Waller (1969) but most have

a long history of usage. Orientation is conventional rather

than anatomical with an imaginary line meeting the outer Hg-

ament perpendicularly at the resilium marking the boundary

between the anterior and posterior shell sectors and an imagi-

nary line perpendicular to the latter halfway between the re-

silium and the ventral margin marking the boundarv between

the dorsal and ventral shell sectors.

The outline of the left disc is almost always a mirror image

of the right. The auricles of the left valve are, however, never

extended more than fractionally dorsal of the outer Hgament

Insertion (at least in post-Palaeozoic forms) while those of the

right valve are usually at least noticeably (sometimes very

markedly) extended beyond the outer Hgament insertion. The

base of the anterior auricle of the left valve is, moreover,

rarelv excavated to the same extent as that of the right valve.

The terms byssal noteh and byssal sinus, referring respec-

tively to excavations at the bases of the right and left anterior

auricles, derive from the fact that the byssus (if any) is ex-

tended out of the shell (via the comb-like strueture known as

the ctenohum) in the area immediately ventral to the anterior

auricles.

The terms equivalve/inequivalve and equilateral/inequilat-

eral are used herein only with reference to that great majority

of the shell constituted by the dises. Practically all scallops

(i. e. pectinids and propeamussiids) have to be regarded as in-

equivalve and inequilateral if the auricles are included into

consideration (see above).

Most of the terms such as lamellae, spines, tubercles used

herein to describe Ornament need no clarification. A few

words are however called for in connection with the terms

plicae, costae, Striae and sulci. The term plicae is applied to

radial corrugations affecting the entire thickness of the shell at

the ventral margin. All other forms of radial ornament are

termed costae except where very fine (relief less than about

0. 1 mm), in which case the term Striae is used. Sulci are the

troughs between plicae and costae.

The terms original and initial are applied to the first formed

or primary plicae, costae or Striae in species which have sec-



13

ondary plicae, costae or Striae (as a result either of intercala-

tion or Splitting). The term original is used where the first

formed plicae, costae or Striae in fact appear at the Start of

post-larval ontogeny and the term initial is used where the

first-formed plicae, costae or Striae appear somewhat later.

*^PH-

Text fig. 4: General dimensions measured in this study: 1. In the

plane of commissure (based on the specimen lllustrated in text fig. 2

;

all parameters apart from N are also measurable in the left valve).

Text fig. 5: General dimensions measured in this study: 2. Per-

pendicular to the plane of commissure (based on the specimen lllu-

strated in text fig. 3).

Text fig. 6: Special dimensions: measurable only in Propeamuss-

ium (P.) laeviradiatum and species of Entolium (based on a general-

ised Entolium right valve umbonal region, seen from the inside).

MORPHOMETRYANDMETHODSOF
COMPARISON

In an attempt to make the study more rigorous it was de-

cided to back up the tried and tested 'eyeball' method of com-

parison with quantitative methods. To this end some 4000

specimens, representing perhaps half of the total numer ex-

amined, were measured in up to 15 parameters (usually about

6 or 7). Non-ornamental parameters are illustrated, together

with the abbreviated names given to them for the purposes of

easy graphing, in text-figs. 4—6. Their füll names are listed in

Table 1 together with clarificatory notes where necessary. All

linear dimensions are measured either perpendicular or paral-

lel to the hinge line. Ornamental parameters measured, where

possible, include the numberof plicae (PL), the numberof ex-

ternal costae (EC) and the number of internal costae (IC).

These need to clarification except in so far as it is necessary to

say that folds merging into the disk flanks were not counted as

plicae.

Linear dimensions were measured with vernier callipers. In

equivalve species the parameter C was in some cases ascer-

tained by measuring the convexity of a single valve and then

doubling. The parameter UA was measured with a contact

goniometer. It is technically rather difficult to measure UA
accurately with a contact goniometer in species where the

umbo projects beyond the hinge line and in small specimens

of all species. In the latter case 'measuring error' is probably

random but in the former it is likely that the actual values are

systematically underestimated, the tendency to underestim-

ate probably increasing with increasing umbonal projec-

tion. Measuring error is otherwise probably between 1 and 2°

for UA and about 0.2 mmfor linear measurements.

Analysis of the quantitative data was restricted to the plot-

ting of bivariate graphs and histograms.

PRESENTATIONOF RESULTS

A Standard systematic format has been used. No attempt at

a complete revision of the supra-specific Classification has

been made since for many groups this would require a consid-

erable knowledge of forms occurring outside the Jurassic. At

the generic level the author has followed the Classification of

the Treatise on Invertebrate Paleontology (Hert-

i.i in, 1969) except where this is plainly inadequate. Classifica-

tion at the familial level follows Waller's (1978) recent

thoroughgoing reappraisal of the Pteriomorphia.

The abbreviations M, ODand SD after citations of type

species (and specimens) mean, respectively, type species by

monotypy, type species by original designation and type

species by subsequent designation.

The layout of the analysis for each species is largely self-

explanatory. The attempt todetermine modeof life by means

of comparison with the paradigms devised in Part II is

presented in Section 9 (Functional morphology) together with

discussion of the function of particular shell features (partly

drawing on the reasoning presented in the qualificatory

section of Part II) and of other related topics.

In the synonymy lists the author has employed a modified

version (presented below) of Matthews' (1973) System for in-

dicating degree of certainty and Status of each reference. Al-

though it seems complex the System is easily understood and

appreciated in practice.

Where the specimens corresponding to the cited reference

have been seen by the author or where the cited reference in-

cludes a description or illustration, the date of the reference is

printed in normal type. The symbol v to the left of the date

means that the author has seen the specimens corresponding

to the cited reference. The superscript * signifies that the

specimens are types of the cited species. The symbols v and v*

may be preceded by the symbols ? and p (pars) implying, in

the first case, that certain specimens seen by the author may

correspond to those which are the subject of the cited refer-

ence, and in the second case, that the author has seen only

some of the specimens corresponding to the cited reference.
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Table 1: Non-ornamental parameters measured in this study (see text figs 4-6).

AH

AHL

AL

C

H

HAA
HAAD
I

N

PH

PHL

UA

anterior hinge Iength; the length of the anterior auricle measured at the hinge line

(i. e. just ventral of the outer ligament).

- anterior half length; the perpendicular distance between a line at right angles to

the hinge line touching the shell at its most anteriorly situated point and. the most

ventrally situated point on the shell (not graphed for any species).

- Separation of the auricular apices.

- convexity (measured between the crests of plicae/costae (where present) on the

right and left valves).

- height; the maximum distance from the hinge line to the ventral margin measured

in a direction perpendicular to the hinge line.

- height of the anterior auricle; the total height of the anterior auricle.

- height of the anterior auricle dorsal of the hinge line.

- intersinal distance; the distance between the deepest point in the byssal notch or

sinus (the most ventrally situated point in the disc/auricle suture in Entolium (E.)

corneolum and E. (E.) orbiculare) and the posterior margin measured in a

direction parallel to the hinge line.

- length; the perpendicular distance between two lines at right angles to the hinge

line and tangential to the most anteriorly and posteriorly situated points on the

shell.

depth of the byssal notch; the perpendicular distance between two lines at right

angles to the hinge line and tangential to the shell at the most anteriorly situated

point on the anterior auricle of the right valve and the deepest point in the byssal

notch (the depth of the byssal sinus (left valve) was not measured in this study).

- posterior hinge length; the length of the anterior auricle measured at the hinge

line (i. e. just ventral of the outer ligament).

- posterior half length; the perpendicular distance between a line at right angles

to the hinge line touching the shell at its most posteriorly situated point and the

most ventrally situated point on the shell (not graphed for any species).

- umbonal angle; the angle between two lines tangential to the dorsal 'Shoulders'

of the disc and meeting at the apex of the umbo.

The Symbols v and v ::
' may be followed by no Symbol at all

or by the symbols p, non, ?, (?) and ?p. Lack of a symbol im-

plies that the specimens corresponding to the cited reference

are considered to be within the author's hypodigm for the

species under discussion (as described in the relevant Sec-

tion 3). The symbols p and non imply, respectively, that

some and none of the specimens are considered to be within

the author's hypodigm while ? implies that the specimens may
be within the author's hypodigm. The symbol (?) implies less

uncertainty than?. The symbol ?p has an obvious connota-

tion. 'No symbol', p, non, ?, (?) and ?p need not, of course,

necessarily be preceded by v or v :: ".

Where a species is referred to only in an unillustrated faunal

list and the corresponding material has not been seen by the

author, the date of the reference is printed in italics. It is quite

possible in some such cases to be practically certain of the af-

finities of the specimens (e. g. if the fauna of the horizon of

derivation is well known from other sources) so such refer-

ences are not preceded by a qualifying symbol, the italics be-

ing understood to convey the slight level of uncertainty. It is

clear that? and (?) are the only symbols that may precede a

date in italics.

The bivariate graphs are intended to illustrate the Variation

and, as far as this can be done with 'static' plots (Cock, 1966),

the ontogeny of the various shell dimensions. A mimmumre-

quirement of 7-10 points was set for the inclusion of such

graphs. Where they differ between the valves, right and left

values vor any given parameter are separated and denoted by

addition of the letter R or L as a subscript to the abbreviated

name of the parameter. (Although there is no difference be-

tween the valves, right and left valve values for the intersinal

distance in Entolium (E.) corneolum are plotted separately

for the purposes of comparison with E. (E.) lunare.) Num-
bers in the graphs refer to points immediately above and to the

left of them and correspond to numbers in the text accom-

panying citations of certain important (usually type) speci-

mens or figures of specimens. The graduations on the axes are

in millimetres in all cases except for UA, where the gradua-

tions are in degrees. Apart from in the case of the parameter

UA, length has been employed as the Standard measure of size

except where this generates too few points for inclusion, in

which case height has been employed. It was feit at the time of

draughting that umbonal angle was not entirely independent

of length so this parameter was plotted against height rather

than length wherever sufficient data presented itself. Subse-

quent consideration suggests, in fact, that umbonal angle and

length are independent of each other in all real situations.
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Where plical frequency histograms have been plotted, pli-

cal counts for right and left valves have been plotted together

where the minimum plical count is 12 or more, even though

there may be a difference of one plica between the valves.

Where there is a difference between the valves and the

minimum number of plicae is less than 12, values for right and

left valves have been separated and only one set plotted (the

letter R or L is added as a subscript to PL as appropriate).

The single histogram for IC (Propeamussium (P.)

pumilum) uses both right and left valve data so no subscript is

added to the abbreviation. However, the single graph involv-

ing EC (P. (P.) laeviradiatum) uses only left valve data so the

letter L is added as a subscript to EC.

The locations and museum registration numbers of speci-

mens represented in the bivariate plots and histograms can be

obtained from the author on request.

Table 2: Explanation of abbreviated museum (and indivfdual collection) names and lists of

works whose partial or complete subject is pectinids and/or propeamussiids preserved in the

museums.

BCM : City of Bristol Museumand Art Gallery (J. Sowerby, 1812-22).

BM : British Museum (Natural History), London (Arkell, 1929a-35a; Cox, 1935a,

1936a, 1952; Dämon, 1880; Duff, 1978; Lycett, 1863; Neale, 1956; Paris and

Richardson, 1916; J. Sowerby, 1812-22; J. de C. Sowerby, 1822a-46a, 1840b;

Whidborne, 1883;Witchell, 1880).

BSPHG : Bayerische Staatssammlung für Paläontologie und historische Geologie, Munich

(Boehm, 1883; Burckhardt, 1903; Goldfuss, 1833-40; Kühn, 1935, 1936;

Rothpletz, 1886; Schlippe, 1888; Waagen, 1867; Yamani, 1975).

DM : Institut des Sciences de la Terre, Universite de Dijon.

ENSM : Ecole Nationale Superieure des Mines, Centre d'Etudes et de Recherches de

Paleontologie Biostratigraphique, Universite de Paris-Sud, Centre d'Orsay

(Buvignier, 1852; Bayle, 1878; Dollfus, 1863; Douville, 1916; Terquem and

Jourdy, 1869).

GPIB : Institut für Paläontologie der Rhein. Friedr. -Wilhelms Universität, Bonn
(Goldfuss, 1833-40).

GPIG : Geologisch-Paläontologisches Institut und Museum der Georg-August-Uni-

versität, Göttingen (Ernst, 1923).

GPIT : Universität Tübingen, Institut und Museum für Geologie und Paläontologie

(Oppel, 1853;Quenstedt, 1858;Rollier, 1915;Staesche, 1926).

HM : Museum für Naturkunde an der Humboldt-Universität zu Berlin

(Schlotheim, 1820).

IGS : Institute of Geological Sciences, Geological Survey, London (Hüll, 1857;

Melville, 1956; Morris and Lycett, 1851-55; Tawney, 1866).

MHNL : Museumd'Histoire Naturelle, Lyon (Dumortier, 1864-74).

MN : MuseumNationale d'Histoire Naturelle, Paris (Lamarck, 1819).

MNO : MuseumNationale d'Histoire Naturelle, Paris, d'Oreigny Collection (d'Orbig-

ny, 1850).

MNP : MuseumNationale d'Histoire Naturelle, Paris, Peron Collection (Peron, 1905).

MNR : MuseumNationale d'Histoire Naturelle, Paris, Regional Collection.

MNS : Museum Nationale d'Histoire Naturelle, Paris, Systematic Collection

(Cotteau, 1853; J.-C. Fischer, 1964; de Loriol, 1894, 1904; de Loriol and

Lambert, 1893; de Loriol et al., 1872).

NM : Ecole nationale Superieure de Geologie, Nancy (Buvignier, 1852; Dechaseaux,

1936).

NMW : Naturhistorisches Museum, Vienna (Neumayr, 1871).

OUM : Oxford University Museum (Arkell, 1926, 1929a-35a; Douglas and Arkell,

1932; Duff, 1978; Kirkaldy, 1963).

SbM : Woodend Museum, Scarborough.

ScM : Scunthorpe Museumand Art Gallery.

SM : Sedgwick Museum, Cambridge (Whidborne, 1883).

WM : Whitby Museum (Simpson, 1884).

YM : Yorkshire Museum, York (Phillips, 1829).
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Cretaceous c

Tithonian * V

Kimmendgian

Oxfordian •

Callovian o

Bathonian n

Bajocian 4

Aalenian A

Toarcian

U PI lensbachian *

L PI lensbachian <^

Sinemunan x

Hettangian T

Rhaetic (Trlassicl r

Table 3: Key to Symbols used in graphs and diagrams
(

::

'the

sense in wie these stage names are applied is explained on

p. 16).

The abbrevations of museum names (and of the names of

particular collections in museums) used herein are listed and

explained in Table 2 together with works whose partial or

complete subjeet is Jurassic scallops preserved in the various

museums. Non-parenthesised numbers following museum

abbreviations in the text refer to individual specimens or small

'collecti ves' in a single tray except in the case of YMwhere the

number refers to a box. Unfortunately in a number of

museums unfigured material is not catalogued thus where re-

ference is made to such material no more than the identity of

the museumcan be indicated. Where more than one speeimen

is involved as a reference to museum material and the actual

number is of some importance, it is quoted in Square brackets.

The species distribution maps have been compiled very

largely from the citations listed in the synonymies. Details

concerning the remaining Information (derived from collec-

tions) can be obtained from the author on request. The recon-

struetions employed as the basis for charting extra-European

distribution are those of Smith and Briden (1977). In the ab-

sence of precise details concerning place of discovery, speci-

mens from the Caucasus (Pompeckj, 1897) have been sym-

bolised on both the north and south sides of Tethys.

The symbols used in both the graphs and the maps to indi-

cate stratigraphic horizon are explained in Table 3. Although

the general lack of stratigraphic subdivision beyond the level

of the stage masks some of the temporal changes in morpho-

logy and distribution mentioned in the text, it was feit that the

plethora of symbols required to illustrate such changes would

prevent appreciation of the larger scale changes.

The L. and U. Pliensbachian have traditionally been regarded as

subdivisions of almost stage rank. Separate symbols are therefore

used for specimens from the L. and U. Pliensbachian in exception

to the general rule of using the same symbol for specimens from all

substages of a stage.

The zonal stratigraphic scheme presented in Table 4 and

used throughout is that of Hallam ( 1 975a). The author has fol-

lowed Hallam in not recognising the Portlandian stage. Sedi-

ments in S. England and N.W.France which would tradi-

tionally be termed Portlandian are herein termed Tithonian.

The term Kimmeridgian is applied sensu gallico (= L. Kim-

meridgian sensu anglico).

V0LGIAN<^

Nodiger
Subditus
Fulgens
Nikitini
Virgatus or

Panderi
Pseudoscythicus
Sokolovi
Klimovi

KIMMERIDGIAN

OXFORDIAN <^

CALLOVIAN

'n.W. FRANCE AND

S. ENGLAND

Titan
Gorei

Albani-
Rotunda
Pallasioides-

Pectinatus
Hudlestoni
Wheatleyensis

'Scitulus\
.Elegans J

—

N.W. EUROPE

Autissiodorensis
Eudoxus
Mutabilis

Cymodoce
Baylei

Pseudocordata
Decipiens

Transversarium
Plicatilis
Cordatum
Mariae
Lambert!
Athleta
Coronatum
Jason
Calloviense
Macrocephalus

Transitorius

-Scruposus
Concorsi
Pencillatum
Vimineus
Triplicatus

-Lithographicum

\ M.

S. EUROPE

Beckeri
Eudoxus
Acanthicum
Divisum
Hypselocyclum
Platynota
Planula
Bimammatum
Bifurcatus

)> TITHONIAN
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BATHONI AN

BAJOCIAN

AALEN I AN

TOARCIAN

PLIENSBACHIAN

SINEMURIAN

HETTANGIAN

»•{

\

Discus
Aspidoides
Retrocostatum
Morrisi
Subcontractus
Progracilis

Zigzag
Parkinsoni
Garantiana
Subfurcatum
Humphriesianum
Sauzei

Laeviuscula
Discites
Concavum
Murchisonae
Opalinum
Levesquei
Thouarense
Variabilis
Bifrons
Falciferum
Tenuicostatum
Spinatum
Margaritatus
Davoei

Ibex
Jamesoni
Raricostatum
Oxynotum
Obtusum
Turneri
Semicostatum
Bucklandi
Angulata
Liasicus
Planorbis

Table 4: Zonal scheme (after Hallam, 1975 a) for the Euro-

pean Jurassic (see p. 16).

Appendix I is a list of those nominal pectinid and prop-

eamussiid species described from the Jurassic of Europe

which are not considered herein. Apart from names created

for members of the highly distinctive group of species from

the Tithonian of alpine and southern Europe and for members

of the genus Weyla (see p. 1
1

) it consists of names created for

specimens which in the author's opinion are specifically inde-

terminate and names which, as a result of poor descriptions

and figures and the unknown whereabouts of type material,

can only be said to refer to 'pectinids' or 'propeamussnds'.

NOTEONCOPPERENGRAVINGS

Many of the illustrations in the earlier works referred to

herein were printed from copper engravings. Since this pro-

cess involves reversal of the image it follows that for accurate

reproduction the engraving must be a mirror image of the

original specimen. A number of peculiar dlustrations encoun-

tered in the course of research were quite clearly the result of a

failure to make the initial reversal. In such cases measure-

ments have been automatically reversed and in general no

further comment has been made in the text.

I am grateful to R. J. Cleevely (British Museum; Nat.

Hist.) for pointing out to me the reason for reversed dlustra-

tions.

II. MORPHOLOGICALPARADIGMSFOR THE BASIC MODESOF
LIFE OF SCALLOPS

The background to the inclusion of this piece is presented

on p. 11 together with an explanation of the sense in which

the term 'paradigm' is applied herein. The modo ot lite

categories are acombinationof those of Kaufmann (1969) and

Stanley (1970). Although some living pectinids are known to

be cemented (e. g. Hinmtes) no paradigm is presented for this

mode of life because it is easily recognisable in fossils from

preservation. In formulating the paradigms the author has re-

stricted his attention to easily observable external features of

the shell.

Size of the antero- and posterodorsal diso gapes has therefore not

been considered. This might be thought to represent an important

Omission in connection with the swimming paradigm. In fact it is

probably of little consequence, for, as WALLER(1969) has pointed

out, the jets of water expelled during swimming are actually con-

trolled by the apposed velar lobes of the antero- und posterodorsal

parts of the shell. It should be pointed out that swimming is quite

possible in forms completely lacking disc gapes (e. g. Cloripallium

pallium [see Waller, 1972 b]).

Many living scallops actually have more than one mode of

life (e. g. byssal swinging/tightly byssate, reclining/swim-

ming) so this possibility has to be borne in mind in comparing

fossil species to the paradigms. It is doubtful-whether swim-

ming could ever be a full-time activity and certainly no living

scallops have yet been discovered in which swimming is the

exclusive mode of life.
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RECLINING

Reclining is defined as lying on the sea floor without any

means of attachment. All known living species with this habit

lie on the right valve. In the lack of a means of attachment re-

clining species are susceptible to overturning and transport in

high energy environments. This danger can be offset by hav-

ing a large thick shell (increasing weight) with strong or-

namentation on the right valve (increasing frictional resistance

to movement). Low ornamentation on the left valve and gen-

erally low convexity will also help to lessen the risk of over-

turning and transport by reducing the profile of the shell and

consequently its resistance to water movements. Given an in-

ability to orientate the shell with respect to the direction of

water movements an orbicular shape will be the best form for

the disc as far as minimising the risk of overturning is con-

cerned. A low convexity, orbicular disc is also the best form

for reclining in low energy environments where the Substrate

is soft, since it spreads the weight of the shell and thereby in-

hibits süikage. Small size (large surface area/weight ratio) and

a thin shell will be similarly beneficial in this Situation and

strong Ornament will be a disadvantage unless it extends

beyond the disc margins as some form of protuberance with a

high surface area/weight ratio and thus provides a 'snowshoe'

effect. Large auricles would provide the same benefit on soft

Substrates but otherwise no advantage can be envisaged in

their possession for a Standard reclining mode of life.

TIGHT BYSSAL FIXATION

Tightly byssate scallops apply the right valve to the Sub-

strate and extend a short byssus over the margin of the right

valve at the base of the anterior auricle. The great majority of

living species attach themselves beneath or on the sides of hard

objects.

Unless the right valve is of very low convexity any increase

in the tension of the byssal (= pedal) retractor muscle beyond

that strictly required to keep the ammal in contact with the

Substrate tends to tilt the shell and present a large area for re-

sistance to currents. There is thus a danger that the attachment

will be broken altogether. Tilting in a purely anterior-post-

erior sense can be minimised by having a small anterior auricle

thus bringing the byssus closer to the tilting fulcrum and

minimising its leverage. This, however, does nothing to

minimise upward tilting of the ventral part of the shell and a

better all-round Solution (text fig. 7) is elongation of the dor-

sal part of the anterior auricle without addition to the ventral

part (i. e. development of a deep byssal notch). A further im-

provement is achieved by a 'rightward' slope of the anterior

auricle from posterior to anterior (Waller, 1972b). Posses-

sion of a narrow disc restricts the shell area presented to cur-

rents upon tilting.

Development of a deep byssal notch has the added advan-

tage of putting the byssus in a position where it can resist an

overturning force (such as that provided by currents meeting a

convex right valve) acting on the posterior part of the shell

(Stanley, 1970). However, assuming that it is impossible to

increase the force exerted through the byssus it will be neces-

sary in this Situation for the depth of the byssal notch to in-

crease allometrically (exponent 2) in order to maintain an at-

tachment at all, since the moment exerted by the overturning

force will be proportional to the cross-sectional area of shell

perpendicular to its line of action.

Obviously possession of an initially deep byssal notch will create a

certain amount of leeway, in forms lacking allometric growth of

the byssal notch, before attachment is actually lost. With regard to

the assumption concerning the force exerted through the byssus

(i. e. that it is impossible to add to the number of byssal fibres so as to

increase the basic strength of the byssus, and that of the bond be-

tween byssus and Substrate, and thereby allow a greater force to be

exerted by the byssal retractor without breaking the attachment) it

must be doubted whether this is universally applicable. The as-

sumption is made in the interests of facilitating at least some sort of

Interpretation of fossil morphologies. Although the limited Infor-

mation on living scallops suggests that the assumption is reason-

able, it is difficult to see why scallops should be constrained to

retain the juvenile number of byssal threads.

The author is here only considering forms with the usual at-

tachment position, beneath or against the sides of objects. The

effective overturning moment will actually decrease during

ontogeny in forms attached to the upper surfaces of objects

since in this Situation the overturning force has to contend

limited upward tilting

in these regions

byssus

anterior auricle pressed
against Substrate

Text fig. 7: The effect of elongation of the dorsal part of the anterior auricle in restricting tilting (result-

ing from the combination of high byssal tension and a convex right valve) in the posterior and posteroven-

tral shell regions (arrow = byssal force).
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with the weight of the animal (scaling as L 3
). For all orienta-

tions on hard, smooth Substrates it will be advantageous to

have a minimally ornamented right valve so as to maximise the

shell area in contact with the Substrate and consequently max-

imise frictional resistance to lateral movement of the shell. On
soft Substrates frictional resistance will be increased by the

development of some form of Ornament that penetrates the

Substrate surface. Similar Ornament on the left valve will also

be of value if the Substrate is so soft the the animal can in-

sinuate itself . Otherwise it will be preferable for the ornament

of the left valve to be subdued so as to minimise resistance to

currents and consequently maintain lateral strain on the bys-

sus at a tolerable level. A low convexity left valve will be ad-

vantageous for the same reason. In forms with the usual at-

tachment position (see above) small size and thin valves will

be beneficial in minimising the basic strain on the byssus re-

sulting from the weight of the animal.

For forms tightly attached in confined Spaces where the left

valve comes into contact with the Substrate upon gaping it will

be advantageous for the hinge line to migrate ventrally so as to

prevent restriction of the angle of gape with growth (Yonge,

1951).

Implied here are fissures that are essentially V-shaped. Narrow,

parallel-sided Spaces are not colonisable, except by small forms,

because shell growth rapidly makes it impossible to open the

valves.

At all sizes subdued ornamentation and low convexity of

the left valve together with a thin shell will allow the widest

possible gape in the space available. Subdued ornament and

low convexity will also maximise frictional resistance to

movement if the Substrate is hard and smooth (see above).

BYSSAL SWINGING

The nature of a byssal swinging mode of life needs no ex-

planation. As in tightly fixed forms (see above) the byssus is

extended between the valves at the base of the anterior auricle.

In the absence of contact between the shell and the Substrate

to which the byssus is attached there is nothing to be gained

from elongation of the dorsal part of the right valve anterior

auricle and consequent production of a deep byssal notch.

Strain on the byssus as the result of frictional drag between the

shell and currents can be minimised by development of a low

convexity posteriorly elongated disc (i. e. a shape that behaves

like a windvane [Kaufmann, 1969]) on which the ornament is

subdued. Small size and thin valves will minimise the basic

strain on the byssus resulting from the weight of the shell.

SWIMMING

Scallops achieve self-propulsion through the water in two

ways. In one the valves clap together rapidly and a large vol-

ume of water is expelled ventrally; the shell therefore moves

dorsally. Rapid adduction is also involved in the other

method but here the velae (the muscular curtains formed from

the inner mantle lobe of each valve) are employed in such a

way as to restrict egress of the water to two small regions on

either side of the auricles (see p. 17). Movement is therefore

in a ventralward direction. In both processes the left valve is

always uppermost. The first process, the 'escape response' of

authors, is rarely observed in nature and will not be consid-

ered further. The second process is that which has come to

be known as 'swimming'.

In the swimming process thrust can be maximised by pos-

session of low convexity valves so that almost all the water

trapped between the valves is finally expelled (Thayer, 1972).

Low convexity also minimises drag in the bnef, post-adduc-

tive planing phase by rendering the shell streamlined. Since

scallops are denser than water they must generate lift in order

to progress by swimming. At the expense of forward advance

this can be achieved simply by tilting the dorsal part of the

shell downwards and thus translating some of the thrust from

the water jets into an uplifting force. By departing from a

paradigmatic form for generating thrust and minimising drag,

lift may also be obtained hydrodynamically in the planing

phase. A strongly right convex shell thrust through the water

would generate lift in the same way as an angled board but

such a shape would have such a poor thrust/drag ratio that, in

spite of allowing jetting of water at a lower angle, it is very

doubtful whether it could travel as far horizontally for a given

expenditure of energy as a low convexity shell gaining lift

purely from downward thrust. A shell of low right valve con-

vexity but with moderate left valve convexity (a 'hydrofoiP

shape) would also generate lift (by the Bernoulli Effect

Stanley, 1970]) and in this case it seems likely that the

thrust/drag ratio would not be so poor as to greatly coun-

teract the advantage of a lower 'required jetting angle' and that

therefore such a shell would travel at least as far horizontally

for a given expenditure of energy as a shell with both valves of

low convexity, gaining lift purely from downward thrust.

Since gravity scales as L 3 while thrust and lift (together with

drag) only scale as L 2
it becomes steadily more difficult for

scallops to swim as they approach large size (Gould, 1971).

The size at which the capacity is lost can be increased by vari-

ous muscular allometries (Gould, 1971; Thayer, 1972). As

far as the hard parts are concerned swimming ability can be

prolonged by ontogenetic increase in the umbonal angle,

which serves to direct the water jets more nearly backwards

and therefore maximises forward thrust (Stanley, 1970), and

by length/height allometry, which increases the 'aspect ratio'

and thereby minimises drag (Gould, 1971). Obviously an in-

itially large umbonal angle and length/height ratio (i. e. in gen-

eral terms a sub-orbicular rather than sub-ovate shape) will

make for more efficient swimming in the juvenile and add to

the effects of allometry in the adult. Further advantages are a

thin shell (reducing weight) and subdued ornament (reducing

drag). Large auricles would increase the resistance of the shell

to sinking during the planing phase but would increase drag

without adding anything to thrust or lift so it is very doubtful

whether they would provide an overall advantage.

QUALIFICATORYSECTIONCONCERNING
ORNAMENT

It will have been noted in the foregoing sections that strong

ornament is an advantage for stability in certain situations. A
number of other ways have been suggested in which strong

ornamentation, in the form of radial plicae, might be benefi-

cial to a scallop and it is as well to evaluate whether such or-

nament could indeed be of use in any other way for if so it will

be necessary to play down the evidence of ornament, where
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developed as radial plicae, in attempting to determine modeof

life by means of the paradigms.

The most populär suggestions have been that plicae reduce

the risk of the shell being broken (on the assumption that they

increase strength in the same way as corrugations in a sheet of

iron) by forces acting on it during life. On the grounds of re-

sults obtained by Preuschoft et al. (1975) from stress experi-

ments, Reif (1978) has recently asserted that the basic assump-

tion that plicae increase the overall strength of a shell is false

and he has gone so far as to say that plicae actually decrease the

overall strength of a shell. Such are in fact by no means neces-

sary conclusions from the experimental results of Preuschoft

et al. The experiments performed by the latter authors con-

sisted of the application of a force above the adductor muscle

(to simulate the force exerted by the adductor during swim-

ming) of previously 'stress-coated' scallops. (A stress-coat is a

lacquer which cracks to show up lines of tension and com-

pression on a stressed body.) The observed stress pattern in-

dicated that plicae do indeed increase strength in the ventral

sector but that they reduce strength in the dorsal sector. It can

therefore be said that plicae do not increase the strength of a

shell throughout and, since plicae actually weaken the shell in

the dorsal sector, it can be said, on the assumption that

the thickness and therefore basic strength of the

shell in the dorsal sector is the same as in the ven-

tral sector (and bearing in mind the fact that a shell is only

as strong as its weakest point), that the overall strength of the

shell is reduced by the development of plicae. The foregoing

assumption, which Reif must have made to reach such con-

clusions as he did from the experimental results of Preuschi i] i

et al., is in fact invalid for at least a large number of species

(Pecten maximus, one of the species used by Prelv hoft et

al., being a particularly good example of a species with mark-

edly greater shell thickness in the dorsal sector) and taking

into account the fact that the number of shell layers increases

from the ventral to the dorsal margin (Tauor et al., 1969) it

seems practically certain to be generally invalid. If it is in-

valid to make the above-mentioned assumption then one is in

no way forced by the results of the stress-coat experiments to

draw the conclusion that plicae reduce the overall strength of a

shell, for such experiments do not provide quantitative data to

teil us whether plicae reduce strength in the dorsal sector to a

value below that of unplicated shell in the ventral sector,

which is the crucial point in deciding whether plicae increase

or decrease the overall strength of a shell.

The whole question of whether plicae do or do not increase

the overall strength of a shell is potentially answerable

through breakage experiments with plicate and non-plicate

shells of equal thickness and convexity (structural strength is

enhanced by increased convexity [J. Currey, pers. comm.

1978]). The author has yet to find appropriate material for

properly controlled experiments but crude hand trials using

plicate and non-plicate shells of roughly equal thickness and

convexity (belonging respectively to the extant species

Chlamys opercularis and Ch. tigerina) indicate strongly that

plicae do increase overall strength (at least for those species

[probably the very great majority; see above] whose shells are

dorsally thickened to the same moderate extent as in Ch.

opercularis).

Although it now seems likely that the traditional assump-

tion that plicae increase the overall strength of a shell is by and

large vahd, this does not necessarily imply that the risk of

breakage by forces acting on the shell during life is ever re-

duced by the development of plicae. A non-plicate shell may

be quite adequate to withstand the forces. This certainly

seems to be the case for the force generated in swimming (see

above) for there exist actively swimming non-plicate pectinids

of quite average shell thickness and convexity (e. g. Placopec-

ten magellanicus [see Stanley, 1970]) in which there is no evi-

dence of shell breakage during swimming. It also seems hkelv

that all but the thinnest-shelled of scallops could withstand

wave-generated forces up to the greatest magnitudes typically

encountered, without the additional strength provided by

plicae (cf. Verrill, 1897). Stanley (1970) has shown that a

non-plicate shell of comparable thickness to that of an average

scallop, if of somewhat greater convexity (that of Mytilus

edulis), is strong enough to withstand wave forces of a mag-

nitude far greater than any likely to be experienced by the maj-

ority of scallops (those developed on an exposed inter-tidial

zone -most scallops are unable to colonise the inter-tidal zone

because their permanent gapesdo not allow retentionof water

[to prevent tissue dehydration] between high tides). It is how-

ever probable that a non-plicate scallop shell of average thick-

ness and convexity would be in great danger of being broken

by predator-generated forces (as suggested originally by Ver-

rii i , 1897). Extra-orally feeding starfish, which are certainly

a major enemy of scallops in temperate waters at the present

time (Medcof and Bourne, 1964; Fi der, 1970; Bloom, 1975),

are known to be capable of generating forces up to 5.5 kg

(Feder and Christensi n, 1966) in their efforts to pull bivalves

apart (in Order to facilitate entry of the stomach) and Carter

(196S) reports shell breakage in the genus Venerupis (thicker

and more inflated than typical scallops) as the result of at-

tempted starfish predation. G. J. Vermeij (pers. comm., 1978)

reports that extra-orally feeding starfish are rare in the tropics

and therefore may not constitute a serious threat in these re-

gions. He adds however that durophagous teleosts are a major

enemy of scallops in the tropics and such fish, which are capa-

ble of bitingoff chunks of coral (Stanley, 1970) would surely

be able to crush non-plicate scallops of average thickness and

convexity. Of the other animals which are known to be

enemies of scallops at the present time (intra-orally feeding

starfish [Brun, 1972]; plaice and cod [Medcof and Bourne,

1964]; herring gulls [Gutsell, 1931]; sea anemones, oc-

topods and crabs [Bloom, 1975]) it seems very likely that oc-

topods and crabs would also be able to crush non-plicate scal-

lops of thickness and convexity equivalent to plicate forms.

Although it seems likely that plicae would be of benefit to a

scallop of average thickness and convexity as far as passive re-

sistance to attempted predation is concerned they would be

disadvantageous (increasing drag) as far as the actual evasion

of predators by swimming is concerned. (The use of the

swimming response as a means of escape from predators is a

well documented phenomenon [e. g. Thomas and Grufydd,

1976].) It is possible to imagine that a smooth shell might in

fact be just as good an adaptation towards predators as a

strongly plicate shell because of its greater suitability for

swimming. The abandonment of plication and the develop-

ment of internal costae (which must surely strengthen the

shell, albeit at somewhat greater material cost than plicae) in

certain genera of scallops (e. g. Amusium) would seem to rep-

resent an attempt to gain the best of both worlds.
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Propeamussium also possesses internal costae and lacks plicae.

However in this case plicae may be absent for constructional rather

than functional reasons. WALLER(1972a) is of the opinion that

plicae could not be developed in a shell, such as that of Propeamus-

sium, with an outer prismatic layer in one or both valves.

The development of layers of divaricate fibres (which in

conjunction with the usual layers of radially arranged foliae

must produce a relatively strong structure by analogy with

plywood) in the shells of certain non-plicate Entolium and

Camptonectes species might also represent an attempt to

facilitate a 'siege' policy towards predators without at the

same time impairing a 'fugitive' policy.

It has been suggested that plicae might be beneficial for re-

sisting attempted predation in ways other than by increasing

shell strength. Reif (1978) has suggested that by interlocking

at the commissure plicae might prevent lateral twisting of the

valves by starfish. Quite apart from the fact that there is no

evidence that starfish ever attempt to twist the valves apart to

gain access to the soft parts (the only technique recorded be-

ing a simple pull against the action of the adductor [Feder and

Christensen, 1966]) it must be doubted whether the long

outer ligament of scallops would not perform this task quite

adequately and thus obviate any need for further adaptation

of the shell.

It should be noted that the scallop adductor is able to resist an

opening Force applied by a starfish for long periods (author's ob-

servations) so provided that the period of time which a starfish will

devote to an attempt to open a scallop is sometimes less than the

length of time for which the adductor can offer resistance (a not un-

reasonable assumption [cf. BURNETT, i960]) increased shell

strength will undoubtedly be beneficial in the context of this form

of predation (as suggested on p. 20).

Carter (1968) has suggested that in the case of a failure to

open the valves widely an undulating shell margin (as is asso-

ciated with plication) might serve to prevent introduction

of more than a small part of a starfish's stomach into a bivalve.

As Stanley (1970) has pointed out, the stomach ofa starfish is

so flexible that it is in fact very unlikely that its introduction

would be severely hampered by an undulating shell margin.

One further way in which it has been suggested that plicae

might be beneficial to a scallop is through their enlarging ef-

fect on the area of mantle tissue and thus of respiratory surface

(Waller, 1969). It remains to be demonstrated whether a

larger respiratory surface is of any particular benefit to a scal-

lop.

To sum up the foregoing, in most of the ways suggested it is

unlikely that plicae would be an advantage for a scallop.

However, in the case of passive resistance to attempted preda-

tion it is quite likely that they would be of benefit to forms of

average thickness and convexity, so in accordance with the ap-

proach advocated on p. 19 the author has tended to disre-

gard the evidence of strong Ornament in the form of radial

plicae in attempting to determine mode of life by means of

comparison with the paradigms.

Extra-orally feeding starfish, at least, have been in existence as long

as scallops (they are known from the U. Ordovician [Vermeij,

1977]) so the possession of plicae would seem always to have been

beneficial to forms of average thickness and convexity in a context

other than that of stability.

Corrugations increase the strength of a sheet of material by

increasing its moment of inertia (Wainwright et al., 1976). It

can be seen from text fig. 8 (which shows moment of inertia

values [I 50 ] for a ränge of sinusoidally corrugated sections of

arbitrary length 50 mm; the means by which I 50 values were

derived is presented in Appendix II) that for a sheet of any

given thickness, corrugations of high amplitude and low

wavelength give the greater increase in strength and it can

therefore be inferred that plicae of high amplitude and low

wavelength will be paradigmatic for passive resistance to at-

20

Wavelength >

(mm)

Text fig. 8: Moment of inertia (I 50 ) for a ränge of sinusoidally corrugated sections of length 50 mm(see

Appendix II). Surfaces of equal I 50 would all slope generally towards the left and back if drawn in.
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tempted predation. It can also be seen from text fig. 8 that pli-

cal intercalation will increase strength (through shortening

wavelength) and will thus be of value as the animal grows and

the potential leverage which a predator can exert to break the

shell increases.

It should be noted that it is only the strength in bending which is

greater than that of a Hat plate of equivalent thickness and then

only when bending is about the x-x axis of the corrugated section.

This is in fact the most likely Situation in any form of predatory at-

tack on a plicate shell. It should be further noted that corrugations

also increase stiffness. This property may in fact be just as impor-

tant as strength in the context of resisting attempted predation by

animals, such as extra-orally feeding starfish, which attempt to pull

the valves apart rather than crush them.

It seems very likely that forms of continuous comarginal

Ornament involving thickening of the shell (e. g. comarginal

lamellae) would result in an increase in overall strength and

thus be of benefit to a scallop of average thickness and convex-

ity in the context of passive resistance to attempted predation.

The evidence of such ornament as continuous comarginal

lamellae has therefore been played down, in the same way as

for radial plicae, in attempting to determine mode of life by

means of comparison with the paradigms.

In conjunction with some form of radial or divaricate Or-

nament and against a background of appropriate 'grain' size,

discontinuous comarginal lamellae (and to a rather lesser ex-

tent continuous comarginal lamellae) tend to Camouflage a

shell somewhat to the human eye. It cannot yet be said

whether discontinuous comarginal lamellae actually Camouf-

lage the shell to visual predators (and thus whether the de-

velopment of such ornament would be beneficial to a scallop

in the context of avoiding predation) so in attempting to de-

termine mode of life by means of comparison with the

paradigms the author has not disregarded the evidence of dis-

continuous comarginal ornament except where it is at odds

with the evidence of other aspects of morphology or with

ecology.

III. SYSTEMATICPALAEOBIOLOGYOF THE 'EUROPEAN
JURASSIC PECTINIDAE ANDPROPEAMUSSIIDAE

FAMILIAL DIAGNOSES

Waller (1978) provides the followmg famihal diagnoses:

Propeamussiidae - 'Byssate or free Pectinacea with outer,

simple-prismatic calcitic layer on right valve present on main

portion of disk throughout ontogeny; crossed-lamellar

aragonite extending outside of pallial line, in some cases

nearly to distal margins, and commonly covering hinge plate.

Byssal notch without ctenolium even in early growth stages

(now known to be present in one species - T. R. Waller,

pers. comm. 1980). Mantle curtains commonly without guard

tentacles'.

Pectinidae - 'Byssate, cemented, or unattached Pectinacea

with outer, simple-prismatic calcitic layer on right valve gen-

erally present only in early growth stages, rarely absent al-

together; crossed-lamellar aragonite restricted to area inside

of pallial line or absent. Byssal notch with ctenolium, at least

at early growth stage. Mantle curtains bearing guard tenta-

cles'.

Subgenus PROPEAMUSSIUMs. s.

(Synonyms etc. Propeamusium Dali 1886 [nom. van.]

Propreamusium Jackson 1890 [nom. nul

Paramusium Verrill 1897

Paramussium De Gregorio 1898

[nom. null.]

Propeannessium Cossmann and Pisarro

1906 [nom. null.]

Occultamussium Korobkov 1937

Pseudopallwrum Oyama 1944

Flavamussium Oyama 1951

Actinopecten Bonarfili 1951)

AMENDEDDIAGNOS1S

'Valves rather flattened, usually gaping along lateral mar-

gins; byssal notch slight; internal ribs extend about half way

(farther in some) to margin. L. Jur. - Rec, cosmop.' (Hert

lein 1969: N350)

Family PROPEAMUSSIIDAETucker Abbott 1954

Genus PROPEAMUSSIUMDe Gregorio 1884

Type species. OD; De Gregorio 1884, p. 1; Pecten (Prope-

amussittm) Cealiae Di Gregorio 1884, p. 1; Miocene, Sic-

ily.

AMENDEDDIAGNOSIS

'Small, thin, valves nearly equally convcx; sculptured with

concentric lines, LV commonly with radial Striae or riblets;

byssal notch moderately deep to slight; right anterior auricle

of some shells with radial riblets; interior with radial riblets

which usually extend to middle or to margin. L. Jur. - Rec,

cosmop.' (Hertlein, 1969: N350).

DISCUSSION

In the Jurassic P. (Propeamussinm) can be divided into

three groups on the following basis:

1

.

9-13 original internal costae terminating at approximately

7/8 H; dorsal margins of right valve extended slightly

beyond hinge-line.

(= P. (P.) pumilum).

2. 9-10 original internal costae terminating at approximately

7/8 H; dorsal margins of right valve extended into horn-

like processes.

(= P. (P.) laeviraduztum)

.

3. 7-9 original internal costae increasing in number by inter-

calation to 18, terminating at approximately 5/6 H; ap-
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proximately straight dorsal margin in right valve.

(= P. (P.) nonanum)

.

Propeamussium (Propeamussium) pumilum (Lamarck 1819)

PI. 1, Figs. 1-1, 7-9; text figs. 9-12.

Synonymy
1819 Pecten pumilus sp. nov; LAMARCK,p. 183.

(?) 1825a Pecten mcrustatus sp. nov; DEFRANCE,p. 253.

(?) 1828 Pecten intusradiatus sp. nov; MONSTERin KEFER-

STEIN, p. 574.

(?) 1832 Pecten intusstruitus sp. nov; MONSTERin De La

BECHE, p. 386.

1832 Pecten contrarius sp. nov; V. BUCH in De La

BECHE, p. 412, 423.

1833 Pecten personatus sp. nov; GOLDFUSSin ZlETEN,

p. 68, pl. 52, figs. 2a, 2b.

v :: " 1836 Pecten paradoxus sp. nov; MONSTERin GOLDFUSS,

p. 74, pl. 99, figs. 4a-f.

1836 Pecten personatus GOLDFUSS; GOLDFOSS,p. 75,

pl. 99, fig. 5.

1839 Pecten personatus GOLDFUSS;V. BöCH,p. 101.

v 1850 Pecten pumilus LAMARCK;D'OrbiGNY, p. 257.

1852 Pecten incrustans DEFRANCE; Bronn, p. 213,

pl. 19, figs. 5a-c.

v 1852 Pecten personatus GOLDFOSS;QuENSTEDT,p. 505,

pl. 40, fig. 39.

non 1853 Pecten personatus GOLDFOSS; MORRIS and

Lycett, p. 11, pl. 1, figs. 17, 17a.

v* 1853 Pecten amalthei sp. nov; OPPEL, p. 77, pl. 4, fig. 9.

1858 Pecten mcrustatus DEFRANCE;OPPEL, p. 262.

1858 Pecten pumilus LAMARCK;OPPEL, p. 419.

v 1858 Pecten contrarius v. Buch, Qoenstedt, p. 258,

pl. 36, figs. 15-17.

1858 Pecten undenarius sp. nov; QUENSTEDT, p. 321,

pl. 44, fig. 14.

v 1858 Pecten personatus GOLDFOSS;QOENSTEDT,p. 337,

pl. 46, figs. 21-24.

7*60 Pecten pumilus LAMARCK;COQUAND,p. 64.

? 1861 Pecten amaltheus OPPEL;STOLICZKA, p. 198, pl. 6,

fig. 7.

1864 Pecten pumilus LAMARCK;V. SEEBACH, p. 96.

1867 Pecten pumilus LAMARCK;WAAGEN,p. 630.

(?) 1868 Pecten Dumortieri sp. nov; JAOBERT, p. 234.

? 1871 Pecten penninicus sp. nov; NEOMAYR, p.

pl. 24, fig. 4.

1871 Pecten pumilus Lamarck; Braons, p. 396.

1874 Pecten pumilus Lamarck; Dumortier, p.

pl. 44, figs. 1-5.

1874 Pecten Agathis sp. nov; GEMMELLARO,p.

pl. 13, figs. 3, 4.

1876 Pecten pumilus LAMARCK; Täte and Blake,

p. 364.

1886 Pecten (Amussium) mcrustatus DEFRANCE;
Gemmellaro, pp. 163, 352.

1886a Pecten pumilus var. ergolus var. nov; De GREG-

ORIO, p. 670, pl. 1, fig. 10.

1891 Pecten (Amussium) paradoxus MONSTER;

BEHRENDSEN,p. 393.

1894 Amusium paradoxum (MONSTER), MöRICKE,

p. 38.

1897 Pecten personatus GOLDFUSS;POMPECKJ,p. 779.

1897 Pecten cf. contrarius V. BOCH; POMPECKJ,p. 280.

1898 Pecten personatus GOLDFUSS;GREPPIN, p. 128.

1898 Pecten (Amusium) andium sp. nov; TORNQÜIST,

P- 31.

1903 Pecten (Amusium) personatus GOLDFOSS;BURCK-

HARDT, p. 22, pl. 2, fig. 7.

1907 Pecten pumilus LAMARCK;DENINGER, p. 453.

1910 Amusium pumilus (LAMARCK); LlSSAJOOS, p. 363,

pl. 10, figs. 11, 12.

375,

195,

107,

1912

1916

1916

1920

1923

1923

1924

1926

1926

1929

1936

1936

non 1938

1950

7965

1966

non 1973

1974

1977

1978

1978

1978

? 1978

? 1978

Pecten (Variamussium) pumilus Lamarck; Dal
PlAZ, p. 246, pl. 1, fig. 14.

Variamussium pumilum (Lamarck); Paris and

RlCHARDSON,p. 529.

Pecten pumilus LAMARCK; Borissiak and

Ivanoff, p. 50, pl. 3, figs. 17, 18.

Pecten (Cblamys) Agathis GEMMELLARO;Dari sii

DE LA CHAVANNE,p. 5 1

.

Pecten (Amussium) personatus GOLDFUSS;JODOT,

p. 136, pl. 40, fig. IIa.

Pecten (Variamussium) pumilus LAMARCK;Ernst,

p.55.

Pecten (Variamussium) personatus GOLDFOSS;

Hennig, p. 17, pl. 2, figs. 3-6.

Variamussium pumilum (LAMARCK); STAESCHE,

p. 84.

Chlamys amalthei (Oppel); STAESCHE, p. 62.

Pecten (Amussium) pumilus LAMARCK; Lan-

QUINE, p. 132, 188.

Variamussium pumilum (Lamarck); Cox, p. 19,

pl. 1, fig. 18.

Variamussium pumilus (LAMARCK); DECHAS

EAUX, p. 65.

Variamussium pumilum (LAMARCK); Weir, p. 50,

pl. 3, fig. 21.

Variamussium pumilum (LAMARCK); CHANNON,
p.248.

Amussium pumilum (LAMARCK); Dahm, p. 29.

Variamussium pumilum (LAMARCK); BEHMELand

Geyer, p. 28.

Chlamys (Aequipecten) amalthea (Oppel); Li:n-

TINI, p. 27, pl. 15. fig. 9.

Propeamussium (Parvamussium f) geelvmki sp.

nov; SKWARKO,p. 80, pl. 26, figs. 2, 3.

Paramussium pumilus (LAMARCK); DlETL, pl. 2,

fig. 3.

Parvamussium pumilus pumilus (LAMARCK);

HOLDER, p. 4, pl. 5, fig. 6, text figs. 1-3.

Parvamussium pumilus atlasense subsp. nov;

HOLDER, p. 7, pl. 1, figs. 1-5, text fig. 4.

Parvamussium personatum (GOLDFOSS); HOL-

DER, p. 9, pl. 1, figs. 6-9, pl. 2, figs. 1-1, pl. 4,

figs. 1-6, text figs. 1,5,7 (pars), 8.

Parvamussium äff. personatum (GOLDFOSS);

HOl DLR, p. 20, pl. 5, figs. 1—1, text fig. 11.

Parvamussium dumortieri sp. nov; HOLDER,

p. 22, pl. 4, fig. 7.

Lectotype of Pecten pumilus Lamarck 1819,

p. 183 designated by Holder, 1978, p. 4, text

fig. 2a; MNunnumbered; H: 6.1, L: 5.5;

?Toarcian, Swabia (Holder, 1978); one of

five syntypes preserved in MN.

1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'P. testa minima, rotundata-ovata radiis 10 ad 12.'

2. AMENDEDDIAGNOSIS

Distinguished from P. (P.) laeviradiatum by the larger

modal number of internal costae, relatively insignificant dor-

sal extension of the auricles beyond the hinge-line and by the

finer and more numerous costae on the left valve. Disting-

uished from P. (P.) nonarium by the lack of intercalary inter-

nal costae and by the termination of the internal costae some-

what closer to the ventral margin.
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Text fig. 9: Propeamussium (P.) pumilum - frequency distribu-

tion for number of internal costae.

3. AMENDEDDESCRIPTION

Disc sub-ovate, higher than long at all sizes, maximum

height 42 mm(Dumortier, 1874). Umbonal angle very vari-

able (text fig. 10) increasing shghtly during ontogeny. Disc

flanks low.

Equilateral, equivalve, low convexity.

Intersinal distance greater in left valve than right. Small

byssal notch becoming relatively smaller during ontogeny.

Auricles well demarcated from disc, moderate in size, an-

terior slightly larger than posterior. Dorsal margin of right

anterior auricle extended slightly beyond hinge line. Posterior

auricles meeting hinge line at an obtuse-right angle, anterior

auricles meeting hinge line at an acute-right angle. Anterior

auricle of right valve meeting disc at a right angle, other auri-

cles meeting disc at an acute angle.

Shell thin. Shell structure consisting of a maximum of 5

layers (Holder, 1978) with the fourth and fifth developed

only on the left valve. Innermost layer (layer 1) of comargi-

nally orientated crystallites overlying radially orientated crys-

tallites of layer 2, which is locally thickened to form radial

costae, 9-13 in number (text fig. 9), terminating at about 5/6

total height. Layer 3 of similar structure locally thickened to

form comarginal Striae. Layers 4 and 5 composed of unor-

dered crystallites locally thickened to form a reticulate Orna-

ment with intercalary Striae, closer in layer 5.
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Text fig. 10: Propeamussium (P.) pumilum - length/umbonal

angle.

4. DISCUSSION

Holder (1978) has recently located five syntypes of 'P.'

pumilus Lamarck (MN) and shown them to be typical rep-

resentatives (with 1 1 internal costae) of the species with 9-13

internal costae described in section 3. 'P.' paradoxns Müns

Ter is simply representative of the less commonvariants with

up to 13 internal costae. 'P. 'personatus Goldfuss was said to

include forms with up to 14 internal costae but since the type

material was destroyed in the 2nd. World War, this cannot be

confirmed. Holder's (1978) opinion that Münstfr's species

(from the Toarcian) and Goldfuss's species (from the Aal-

enian) can be distinguished by the lack of a byssal notch, equal-

ity of the auricles, lack of dorsal extension of the anterior auri-

cle of the right valve and perpendicular posterior margin of

the posterior auricle in the former species is not vindicated by

the original figures. Neither does there seem to be any mater-

ial evidence to support Holder's claim amongst the generally

incompletely preserved syntypes of
l

P'. paradoxus (GPIB

611b, 611c; e. g. PI. 1, figs. 3, 9). Holder's distinetion of

Toarcian from Aalenian forms on the basis of UA (105°-120°

cf. 90°-100°) is invalid since Staesche (1926) cites a Toarcian

speeimen with UA: 96°. On his own admission slight differ-

ences in shell structure may well be due to imperfect preserva-

tion.

The author has been unable to trace the original descrip-

tions of 'P. ' intusradiatus Monster, 'P. ' intusstriatus Müns-

ter and 'P. ' contrarius v. Buch but Holder has figured one of

the syntypes (HM) of the latter, showing it to be indisting-

uishable from Propeamussium (P.) pumilum, and included the

others in synonymy with Lamarck's and Goldfuss' species.

Wlir's (1938) record of 'Variamussium' pumilum is however

more reminiscent of Radulopecten vagans while Morris and

Ly< i tt's (1853) record of 'Pecten' personatus from the

Bathonian has been shown by Cox and Arm ll (1948) to refer

probably to speeimens of Camptonectes.

The syntypes of 'P'. amalthei Oppel (BSPHG) are very

poorly preserved but one speeimen (BSPHGAS VIII 166; PI.

1, Fig. 8) shows 10 clear internal costae which, combined

with the characteristic left valve extenor Ornament, leaves lit-

tle doubt that it should be included in P. (P.) pumilum.

Stoliczka's (1861) record of Oppel's species is almost cer-

tainly a misnomer for Cblamys (Ch.) textoria while Lentini's

(1973) record resembles Ch. (Cb.) pollux. 'P.' Agathis Gem-

mellaro was said to be close to Oppel's species and the de-

scription of asymetric right and left valve Ornament confirms

the similarity.

'P. ' Dumortieri Jaubert was erected without diagnosis for

an unfigured speeimen from Var (Provence) designated as

'P. ' personatus by Dumortier. It was said to resemble the lat-

ter in its internal costation and seems likely to have been one

of the typically large speeimens of P. (P.) pumilum fre-

quently recorded from Var. Holder's use of dumortieri for a

speeimen (MHNL 9075) referred to 'P. ' pumilus by Dumor-

tier (1874) must now be rejeeted as a secondary homonym in

Propeamussium. The speeimen may however be worthy of a

specific distinetion on aecount of its UA (more than 125°).

'P. ' pennuiicus Neumayr from the Oxfordian resembles P.

(P.) pumilum in apparently having 1 1 internal costae but dif-

fers in the unusually strong reticulate ornament on the left
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valve. Holder (1978), who has studied the types in Vienna,

considers however that this may be due to abrasion and refers

another similar specimen from the same stage to
'

Parvamus-

sium' zii. personatum.

'P'. undenarius Quenstedt and P. ('Pa'f) geelvmki

Skwarko with 11 and 12 internal ribs respectively show no

obvious differences from P. (P.) pumilum and while

'P. ' Paronae De Gregorio is only known from two speci-

mens, both less than 5 mmin height, there can be little doubt

as to the affinities of the species. 'Pa. ' sp. Holder is only dis-

tinguished by its low UA (90°) which by the evidence of the

figure seems to be the result of abrasion.

'P.' ('Amusium') andium Tornquist was based on speci-

mens collected and referred to 'P. ' pumilus by Gottsche

( 1 878) which were said to differ from the latter species by the

lack of radial Ornament. It seems highly hkely that they were

merely the right valves of P. (P.) pumilum.

Mention of 1 1 internal costae in the original descnption of

'P. ' incrustatus Defrance strongly suggests that the species is

synonymous with P. (P.) pumilum.

5. STRATIGRAPHIC RANGE

P. (P.) pumilum is recorded from the U. Pliensbachian of

England (BM L94170-3, SM J42033), France (Lanquine,

1929), Germany (Brauns, 1971; Oppel, 1853), Sicily (Gem-

mellaro, 1874), Algeria (Dareste de la Chavanne, 1920),

Chile (Moricke, 1894), and Spain (Behmel and Geyer, 1966).

The latter authors also record the species as occurring rarely in

the L. Pliensbachian but since there are no supporting fig-

ures, some doubt must remain. Other than in the U. Pliens-

bachian ofE. Spain and Sicily, P. (P.) pumilum israrebefore

the Toarcian. The species is thereafter locally common until

the L. Bajocian but definite U. Bajocian records are com-

pletely lacking. Bathonian records are limited to Dechaseaux

(1936), Deninger (1907) and Dal Piaz (1912) but only the lat-

ter produces unequi vocal evidence of a Bathonian specimen in

the form of a figure. Greppin's (1898) record from the 'Grande

Oolithe' of Switzerland was re-assigned to the Sauzei zone

(L. Bajocian) by Staesche (1926) and Morris and Lycett's

(1853) record from the Great Oolite was shown by Cox and

Arkell ( 1 948) to be unsupported by any material correspond-

ing to their description (see Section 4). It is clear that P. (P.)

pumilum is a rare species after the L. Bajocian and occur-

rences after the Bathonian are limited to two equivocal speci-

mens from the Oxfordian of the Balkans (Neumayr, 1871) and

a further one from the same stage in Swabia (Holder, 1978).

6. GEOGRAPHICRANGE

P. (P.) pumilum is widespread in Europe (text fig. 1 1) and

on a world scale spans a palaeolatidudinal ränge of about 40°

(text fig. 12). Although very cosmopolitan the species is not

known worldwide, contrary to the opinion of Staesi im

(1926). There are notable absences in the L. Jurassic of

Australasia and western N. America despite the widespread

development of appropriate sedimentary facies (see Section 8)

in these regions. Yet, wherever P. (P.) pumilum arose, migra-

tion must have occurred between Europe and S. America

dunng the L. Jurassic to explain theobserved distnbution but

the most obvious migration routes (via N. America/Arctic,

and via the W. Pacific) are precluded because of the lack of

fossil evidence en route. Hallam (1973) considered that the

distribution of the aberrant pectinid Weyla, restricted to the

western margins of the Americas in the L. and M. Lias but

also occurring in the Ethiopian Provinee in the U. Lias, mdi-

cated the development of a marine connection between

Argentina, Antarctica and S. America in the Toarcian. The

distribution of the ammonite Bouleiceras, restricted to the

Ethiopian Provinee and S. America in the L. Toarcian (Hu 1

1

Brandt, 1973) Supports such a view and it seems also to pro-

vide a good explanation for the distribution of P. (P.)

pumilum. However, oecurrences of the species in the M. Lias

of both Chile (Moricke, 1894) and Europe indicate that a

marine connection was established at least by the U. Pliens-

bachian while oecurrences of Weyla in the Jamesoni zone of

Spain (Dubar, 1925) indicate a seaway in the L. Pliens-

bachian.

Damborenea and Mancenido ( 1 979) consider that the latter

oecurrences in fact indicate the existence of a direct manne

connection (through central America) during the Lias.

Text fig. 11: Propeamussium (P.) pumilum - European distribution.



26

During the Bajocian P. (P.) pumilum extended its ränge

along the southern margins of Tethys but was still unable to

penetrate Asia or western N. America despite the undoubted

development of a marine connection between the latter and

Europe by this time (Hallam, 1975a). This strongly suggests

an ecological exclusion and the aviculopectinid Otapiria, re-

stricted to the Pacific region (Hallam, 1977) and occurring in

comparable facies, may have competitively restricted P. (P.)

pumilum.

The broad distribution of P. (P.) pumilum provides some

support for the view (see Section 8) that the species may have

had a pseudo-planktonic mode of life.

Text fig. 12: Propeamussium (P.) pumilum - World distribution (Pliensbachian reconstruction).

7. DESCRIPTION OF ECOLOGY

P. (P.) pumilum first occurs commonly in U. Pliens-

bachian marls in E. Spain and Sicily where it occurs with Li-

ma, Oxytoma and Placunopsis together with abundant

brachiopods, gastropods and cephalopods. It subsequently

becomes very abundant at certain horizons in the L. Toarcian

bituminous shales (Posidonienschiefer) of S. W. Germany,

notably above the Oberer Stein at Göppingen where it forms a

shell bed. The associated fauna is largely restricted to abun-

dant Bositra bronni and Pseudomytiloides dubius together

with ammonites and belemnites. The maximum height of

9.5 mm(GPIT) is less than in contemporaneous deposits in

N. Germany (Staesche, 1926) while specimens from Var

(Provence) reach a height of 42 mm(Dumortier, 1874).

The species is less common in the U. Toarcian but occurs in

the Condensed sands and ironstones of Lower Saxony (Ernst,

1923).

In the Opalinum zone (Aalenian) P. (P.) pumilum occurs

fairly commonly in the Northampton Sand Ironstone, a

chamosite oolite, in association with a diverse bivalve fauna

including Camptonectes (C.) auritus, Eopecten abjectus, En-

tolium, Lima, Gervillia, Myophorella, Ceratomya and As-

tarte. Subsequently it occurs commonly in the Murchisonae

zone of S. Germany which is developed in the same facies.

Goldfuss' synonym has provided a name for one terrigenous

intercalation into the sequence of Aalen (the Personaten-

sandstein) where P. (P.) pumilum crowds the bedding planes

to the virtual exclusion of other fossils. The maximum height

attained is 16 mm(GPIT).

In the Aalenian of the Cotswolds P. (P.) pumilum occurs

sporadically in all the oolitic horizons. In the Murchisonae

zone at Cornwell (Oxon.) it is found very abundantly in a low

diversity shell bed (Sylvfster-Bradlfy, 1968). In the L. Bajo-

cian of the same region it locally forms shell beds in the Not-

grove Freestone.

P. (P.) pumilum is not knownto be commonelsewhere and

it is conspicuously rare in the deep water pelagic limestones of

the peri-Mediterranean region.

It is clear from the foregoing that there is an inverse correla-

tion between theabundanceof />. (P.) pumilum and the diver-

sity of the associated fauna. It is however found in a wide vari-

ety of sedimentary facies although P. (P.) laeviradiatum is a

rare associate. Most accumulations of P. (P.) pumilum con-

sist of disarticulated valves but the incidence of abrasion and

breakage is low enough to suggest minimal transport from the

life position.

8. INTERPRETATION OF ECOLOGY

P. (P.) pumilum forms part of the faunal association which

characterises laminated bituminous shales (Hallam, 1976)

and whose low diversity is thought to be indicative of

anaerobic or near-anaerobic conditions close to the sea floor.

The principle formation of this type in which P. (P.) pumilum

occurs (the Posidonienschiefer) is dominated by the bivalves

Bositra and Pseudomytiloides together with ammonites and

belemnites. The last two were almost certainly planktonic and

thus independent of bottom conditions. Pseudomytiloides is

frequently found in large numbers around driftwood to

which Pentacrinus is also attached (Hauff, 1953) and it has

been suggested that the inoceramid gained independence of

the sea floor by adopting a byssate, pseudoplanktonic mode

of life. Floating seaweed is invoked as a Substrate to explain
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accumulations of Pseudomytiloides in the absence of drift-

wood. A planktonic mode of life has also been suggested for

Bositra (Jefferies and Minton, 1965) based Iargely on its in-

dependence of sedimentary facies and presence in areas where

benthos is sparse, such as euxinic black shales and deep water

pelagic limestones. Jefferies and Minton favour a genuinely

planktonic, rather than pseudoplanktonic, mode of life for

Bositra, owing to the lack of shell features indicative of byssal

attachment. The association of P. (P.) pumilum with this

supposedly planktonic fauna has led to a persistent belief

among German palaeontologists (dating back to Hauff, 192
1

)

that this species was likewise planktonic. Hauff considered

that P. (P.) pumilum was byssate and thus if epibenthic at the

mercy of fluctuating bottom conditions. He therefore con-

cluded that it must be pseudoplanktonic in the

Posidonienschiefer, ignoring the fact that byssate pectinids

may still unattach themselves and escape from locally un-

favourable bottom conditions by swimming. Staesche (1926)

also considered that the smaller size of specimens from the

Posidonienschiefer was a reflection of byssal attachment to

floating seaweed, with the implication that the byssus was only

strong enough to support small individuals. However, Recent

byssally suspended pectinids (e. g. Glonpallium pallium)

commonly reach a height of 60 mm(Waller, 1972b) and it

seems much more likely that small size in the Posidonien-

schiefer was the result of oxygen deficiency, all the bivalves

being less than 30 mmin height. At present it cannot be

said whether low oxygen tension directly caused stunting or

simply led to high juvenile mortality.

A. Seilacher (pers. comm., 1977) reports that P. (P.)

pumilum has been found associated with dnftwood but the

author's field observations provide no confirmation of this.

More telling evidence against a pseudoplanktonic mode of life

is provided by the rarity of P. (P.j pumilum in the deep water

pelagic limestones in which Bositra is common. This is con-

trary to expectation for a pseudoplanktonic bivalve and it is

the author's impression that unlike Bositra and Pseu-

domytiloides, P. (P.) pumilum does not occur uniformly

throughout the Posidonienschiefer but is concentrated at a

few levels, suggesting a dependence upon bottom conditions.

Hall am (1976) has emphasised that truly anaerobic condi-

tions may only have existed within the sediment and that just

above the sediment/water interface there was occasionally

enough oxygen to support a eurytopic fauna. Indeed truly

epibenthic organisms (Pseudodiadema and rhynchonellid

and discinid brachiopods) are known from the

Posidonienschiefer and Kauffman (1978) has now made the

Suggestion that even Bositra and Pseudomytiloides may have

lived on or only slightly above the sea floor.

There is no evidence for a pseudoplanktonic mode of life in

living Propeamussium. Knudsen (1967) reports both pelagic

and benthonic organisms in the stomach Contents of

P. sibogai and considers that the pelagic fraction was proba-

bly captured during swimming activity. Most of the known
species have been dredged from the sea bed in the bathyal and

abyssal zones and appear to have been free living rather than

byssate when adult (Knudsen, 1967, 1970). Waller (1971)

reports no trace of a pedal retractor muscle scar in extant

species. The only Recent pectinid known to have a pseudo-

planktonic mode of life is Leptopecten latiauritus monotimeris

(see Clark, 1971). It resembles P. (P.) pumilum in its small

size but differs in its strong prosogyrous inclination, a feature

considered to be characteristic of a loosely suspendes mode of

life (Kauffman, 1969).

It may therefore be concluded from the foregoing that P.

(P.) pumilum was epibenthic and unattached for most of its

life and able to live on a wide variety of Substrates under vari-

able conditions of oxygen tension and turbulence. Its particu-

lar abundance in association with low diversity faunas indi-

cates an opportunistic adaptive strategy (Levinton, 1970).

Mutual exclusion from P. (P.) laeviradiatum (see p. 31)

may have been due to competition.

The large size of specimens from Var compared to those

from more northerly palaeolatitudes may be the result of en-

hanced growth rates due to increased temperature, as has been

observed in Recent bivalve species on approaching the

equator(NicoL, 1967). Such aneffectcoupled with the pattern

of ontogenetic increase in the number of radial Striae could ac-

count for the relatively coarse Ornament in large specimens

from Morocco (Holder, 1978).

9. FUNCTIONALMORPHOLOGY

The small adult size, thin shell, low convexity, subdued Or-

nament, ontogenetic decrease in the relative size of the byssal

notch and ontogenetic increase in the umbonal angle place P.

(P.) pumilum close to a paradigm for a short byssate juvenile

phase followed by a reclining/swimming phase in a low

energy environment. Such a mode of life is well in accord with

the palaeoecology of the species in such deposits as the

Posidonienschiefer. The species appears to have been less well

adapted to the higher energy environments in which it occurs

(e. g. cross bedded oohtes and sandstones) but was presuma-

bly able to survive frequent burial and disturbance by the

swimming response.

10. ORIGINS ANDEVOLUTION

If it is assumed (see p. 32) that P. (P.) laeviradiatum is

the descendant of P. (P.) pumilum (rather than vice versa)

then there remain no plausible ancestors for P. (P.) pumilum

in the Jurassic. The U. Palaeozoic genus Pernopecten seems,

by the evidence of shell structure, to be the ultimate source of

Mesozoic Propeamussium (Waller, 1971).

There are no obvious phyletic trends in P. (P.) pumilum.

Specimens derived from the same limestone facies (to rule out

ecophenotypic Variation) show a phyletic reduction in max-

imum height from 42 mmin the L. Toarcian (Dumortier,

1874) to 23 mmin the Aalenian (OUMJ 14491) to 18 mmin

the L. Bajocian (YM 502) but these specimens also lie on a S-N

line (from respectively S. France to S. England to N. Eng-

land) so it is possible that a latitudinal temperature gradient

may be the causal factor (see Section 8). However, a phyletic

reduction in maximum height would be concordant with the

evidence from eurytopy and opportunism which indicates the

general prevalence of V selection (Gould, 1977).

No convincing deterministic explanation is available for the

post L. Bajocian decline of P. (P.) pumilum.



Propeamussium (Propeamussium) laeviradiatum

(Waagen 1867)

PI. 1, Figs. 5, 6, 10, 12; text figs. 13-17

Synonymy
Pecten laeviradiatus sp. nov.; WAAGEN,p. 633,

pl. 31, figs. 4a, 4b.

Pecten corniitus QUENSTEDT;WHIDBORNE,p. 498,

pl. 16, figs. 1,2, 2a(nonQUENSTEDTsp).

Pecten laeviradiatus WAAGEN; WHIDBORNE,

p. 500.

Pecten fenestralis sp. nov.; WHIDBORNE,p. 500.

Pecten (Amusium) subpersonatus sp. nov.; Vacek,

p. lll.pl. 19, figs. 5,6.

Pecten Ammensis sp. nov.; De GREGORIO,p. 21,

pl. 13, figs. 8, 10-12, 16.

Pecten (Amusium) subpersonatus VACEK; BOTTO-

MlCCA, p. 174.

Pecten dionvillensis sp. nov.; BENECKE, p. 25,

pl. I.fig. 4.

Variamussium fenestrale (Whidborne); Paris

and RlCHARDSON,p. 528.

Variamussium laeviradiatum (WAAGEN); PARIS

and RlCHARDSON,p. 528, pl. 44, figs. la-c.

Variamussium laeviradiatum (WAAGEN);

STAESCHE, p. 86, pl. 6, figs. 8, 9.

Pecten (Amusium) laeviradiatus WAAGEN;

Lanquine, p. 200.

Pecten (Variamussium) coloradoensis WEAVER;

LEANZA, p. 176, pl. 7, figs. 3, 5, P l. 10, fig. 3.

Variamussium babunokawense KlMURA; Tam-

URA, p. 60, pl. 6, figs. 20-22.

Propeamussium habunokawensis (KlMURA);

Hayami, p. 255.

Parvamussium (Parvamussium) donaiense MaN-

suy; Hayami, p. 197, pl. 34, figs. 11, 12,

pl. 38, figs. 6, 7.

Varientolmm cf. laeviradiatum (Waagen);

Holder, p. 23, text fig. lOd, pl. 3, fig. 6.

Lectotype of Pecten laeviradiatus Waagen

1867, p. 633, pl. 31, figs. 4a, 4b designated

herein; BSPHGAS XXII 29; PI. 1, Fig. 5

herein; Bajocian, 'Sowerbyi' zone (Discites-

Laeviuscula zones); Gingen, Württemberg.

Paralectotypes; the 3 other syntypes

(BSPHG); also 'Sowerbyi' zone, Gingen.

v* 1867
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3. AMENDEDDESCRIPTION

Essentially similar to P. (P.) pumilum but differing by the

diagnostic horn-like auricles (PI. 1 , Fig. 12) which increasein

height from about 3 mm(H: 10) to 6 mm(H: 28), maximum

6.5 mm(text fig. 13). Also differing in the tendency to de-

velop a sub-orbicular disc (text fig. 15) near the maximum

height of 30 mm(BM L42019), in the slightly smaller mean

L/UA (text fig. 16), in the smaller modal number of internal

costae (9, ränge 9-10) and in the less numerous radial costae

on theleft valve (13-27 at H: 10, increasingby intercalation to

a maximum of 37 at H: 30 [text fig. 14]) which sometimes

form a reticulate pattern with the comarginal Striae (PI. 1,

Fig. 6). The shell is somewhat more robust than that of P. (P.)

pumilum but still fairly thin.

4. DISCUSSION

The earliest available name for the species described in Sec-

tion 3 is 'Pecten' laeviradiatus Waagen. Although the four

syntypes (BSPHG), all left valves, are seen only from the ex-

terior there can be no doubt that they possess the internal cos-

tae of the species described above; external costation and met-

ric proportions (1) are within the ränge of the latter. A Iec-

totype (BSPHG AS XXII 29; PI. 1, Fig. 5) is herein desig-

nated.

Whidborne (1883) thought that the smooth right valves of

Propeamussium (P.) laeviradiatum belonged to a separate

species and referred them to 'Pecten' comutus Quenstedt

(1858). It was the present author's previous opinion (John-

son, 1980) that the single known type of Quenstedt's species

(from the Oxfordian) is in fact a late representative of P. (P.)

laeviradiatum. However, re-examination of the specimen

(GPIT 4-74-10; PI. 1, Fig. 1 1) has failed to confirm the exis-

tence of the internal costae previously thought to have been

present and while metric proportions (2) are largely indisting-

uishable from P. (P.) laeviradiatum it now seems likely that

the specimen is an example of Entolium. Nevertheless other

specimens with internal costae and left valve Ornament identi-

cal to that of P. (P.) laeviradiatum are known from the U.

Jurassic. 'Variarnussium' habunokawense Kimura; Tamura

from the U. Jurassic of Japan seems indistinguishable from

P. (P.) laeviradiatum but since the stratigraphic horizon (cf.

Section 5) is so high and it is not yet clear whether the charac-

teristic dorsally extended right valve auricles of P. (P.)

laeviradiatum are present it is perhaps unwise to assume that

this form is conspecific. Kimura's original description has

proved impossible to trace.

'P.' fenestralis Whidborne was separated from 'P.'

laeviradiatus on the basis of strong comarginal ornament on

the left valve and a larger number of internal costae. However

Waagfn's original description in fact specifies comarginal Or-

nament. Museum specimens show a variable development of

this feature (PI. 1, Figs. 5, 6) and it seems likely, as indeed

Whidborne suggested, that this is due to differing amounts of

post-mortem abrasion. Whidborne's figured specimen of 'P.

'

fenestralis (SM J4758) is seen only from the exterior and there

is no other appropriately preserved material to evidence

Whidborne's claim of up to 12 internal costae in this species.

'P. ' fenestralis is also inseparable by its metric proportions

(3).
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Text fig. 15: Propeamussium (P.) laeviradiatum - height/length.

TV {' Amusium') subpersonatus Vacek was said to possess

only 7 internal costae. However, these could only be seen

through the right valve and so the number may be an under-

estimate. The left valve exterior ornament is identical to that in

Propeamussium (P.) laeviradiatum. Dorsally extended auri-

cles are absent in the figured specimen but this is clearly due to

breakage.

'P. ' Animensis De Gregorio was erected for specimens

which Vacek referred to 'P.' ('Amusium') subpersonatus but

of which only the exterior of the left valve was visible. The or-

nament is however identical to that of P. (P.) laeviradiatum.

Similarly, 'P.' dionvillensis Benecke can be assigned to the

latter species even though only the exterior of the left valve is

figured.

It has been impossible to trace the original description of

'P.' ('Variarnussium') coloradoensis Weaver but Leanza's

(1942) description of the latter, specifying 13-19 external cos-

tae increasing by intercalation and an umbonal angle of

105-115°, is indistinguishable from P. (P.) laeviradiatum.

However, the figures do not reveal any sign of the horn-like

auricles and this fact together with the anomalously early

stratigraphic horizon (Oxynotum zone) casts doubt on the af-

finity of 'P. ' ('V. ') coloradoensis with P. (P.) laeviradiatum.

The original description of 'Parvamussium' ('Pa.') donaiense

Mansuy is also untraceable. Hayami's (1972) description of

the species from the Toarcian of Vietnam specifies that the

only difference from P. (P.) laeviradiatum is the presence of

fewer (7 or 8) internal costae. In the absence of sufficient mat-

erial to make an adequate assessment of Variation in this

character it is impossible to judge whether such forms should

be accorded specific Status. They may merely be geographic

variants.

5. STRATIGRAPHIC RANGE

Apart from a dubious record from the Smemunan(see Sec-

tion 4), the earliest record of P. (P.) laeviradiatum is a single

specimen (BM LL1579) from the U. Pliensbachian of Vieux-
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Text fig. 16: Propeamussium (P.) laeviradiatum - length/umbonal angle.

pont (Normandy). Only one museum specimen (BM un-

numbered, from Beaminster, Dorset) is known from the

Toarcian but Whidborne (1883) records the species from the

U. Toarcian of Yeovil, Somerset where the appropriate facies

(see Section 8) are well developed. Hayami (1972) records a

closely related, if not conspecifie form (see Section 4), from

the Toarcian of Vietnam.

P. (P.) laeviradiatum is locally common in the Aalenian

and in the Bajocian until the Laeviuscula zone (L. Bajocian).

There are no records from the U. Bajocian and Bathonian rec-

ords are limited to 3 specimens (BM L97035-7) from Stroud,

Gloucestershire whose HAAD/H (4) is inseparable from P.

(P.) laeviradiatum, but whose high L/UA may imply a

specific distinction. Specimens from Japan referred to by

Tamura (1959) and Hayami (1961) may constitute records

from the U. Jurassic (see Section 4).

6. GEOGRAPHICRANGE

P. (P.) laeviradiatum occurs sporadically over a large part

of the European region (text fig. 1 7). Its distribution is almost

certainly related to the localised development of appropriate

sedimentary facies (see Section 8). Material from Argentina

(Leanza 1942), Vietnam (Hayami 1972) and Japan (Tamura

1959, Hayami 1961) may evince an extra-European distribu-

tion (see Section 4).

7. DESCRIPTION OF ECOLOGY

In Europe P. (P.) laeviradiatum first occurs commonly in

Condensed sandy limestones of the Opalinum zone in Dorset,

where it attains a maximum height of 30 mm(BM L42019).

The associated benthic fauna is dominated by the bivalves

Pseudnpecten (Ecbinopecten) barbatus, Eopecten, Ctenos-

Text fig. 17: Propeamussium (P.) laeviradiatum - European distribution.
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treon, Neocrassina and Placunopsis and the gastropod

Pseudomelatua together with abundant brachiopods of the

form genera 'Rhyncboneüa', 'Terebratula' and 'Zeilleria'. P.

(P.) laeviradiaturn also occurs in a similar sedimentary and

faunal association, albeit somewhat less commonly, in the

Murchisonae and Concavum zones of S. England. It is, how-

ever, absent from the Northampton Sand Ironstone

(Opalinum zone) where P. (P.) pumilum and Entolium (E.)

corneolum are common.

P. (P.) laeviradiaturn is recorded commonly with Ps. (Ec.)

barbatus in the Aalenian sandy limestones of Provence (Lan-

quine, 1929) but is absent from the Aalenian of S. Germany

where the stage is developed in sands and shales overlain by

chamositic ironstones containing abundant P. (P.) pumilum

and E. (E.) corneolum. However, in the L. Bajocian of

S. Germany P. (P.) laeviradiaturn is found commonly in the

Sowerbyi-Banke (Discites and Laeviuscula zones) where it

reaches a maximum height of 22.5 mm(GPIT). The Sedi-

ments are Condensed marly oolites containing a diverse

bivalve fauna but few ammonites. In limonitic sandy lime-

stones of equivalent age in the Bristol district P. (P.)

laeviradiaturn is also common in association with an abun-

dant and diverse fauna of ammonites, bivalves and

brachiopods.

The only records from the peri-Mediterranean region are

from Provence (see above) and the Aalenian of the Italian Alps

(Botto-Micca, 1893; De Gregorio, 1886d; Vacek, 1886)

where the Sediments are Condensed limestones, probably

formed on a submarine rise. The associated fauna consists of

abundant ammonites and brachiopods, small gastropods and

morerarely the bivalves Ps. (Ec.) barbatus, E. (E.) corneolum

and Eopecten.

8. INTERPRETATION OF ECOLOGY

The coarse - grained Condensed deposits in which P. (P.)

laeviradiaturn occurs most commonly are indicative of high

energy conditions with a low sediment input. The occasional

presence of locally denved conglomerates (e. g. Opalinum

zone in Dorset) indicates active erosion while limonitic over-

growths suggest periods of non-deposition. The fauna as-

sociated with P. (P.) laeviradiaturn exhibits a ränge of adap-

tations for achieving stability in high energy conditions. Ps.

(Ec.) barbatus possesses a strongly spinöse right valve which

probably served to grip the sediment and prevent current

scour (see p. 83). Eopecten has an exceptionally deep byssal

notch which indicates that byssal fixation could have been

maintained throughout ontogeny. Ctenostreon has a thick

shell whose weight would have resisted overturning by cur-

rents. The terebratuhd and rhynchonellid brachiopods were

all attached by means of a pedicle which probably performed

the same stabilising function as the byssus in Eopecten. Con-

trary to Rudwick's (1970) opinion, Thayer (1975) has shown

that the pedicle attachment strengths of both terebratulid and

rhynchonellid brachiopods compare favourably with byssate

bivalves and are sufficient to anchor the animal in very high

energy environments. The paucity of infauna in deposits con-

taining P. (P.) laeviradiaturn may be due to the difficulty of

avoiding exhumation by current scour.

P. (P.) laeviradiaturn is rarely found with the closely re-

lated eurytopic species P. (P.) pumilum nor is the mor-

phologically similar pectinid Entolium (E.) corneolum a

common associate. However, both of the latter species occur

in Condensed chamosite oolites whose depösitional environ-

ment (high energy, low siliciclastic input) would appear to

have been ideal for P. (P.) laeviradiaturn. The absence of P.

(P.) laeviradiaturn from such facies is therefore strongly sug-

gestive of competitive exclusion by either or both of P. (P.)

pumilum and E. (E.) corneolum. This factor together with an

intolerance of high rates of Sedimentation probably accounts

for the lack of P. (P.) laeviradiaturn in S. Germany before the

Bajocian. The rarity of the species in the peri-Mediterranean

region is clearly due to the widespread development of low

energy, pelagic limestone facies.

Most modern species of the morphologically similar genus

Amusium live in the deep sea(KNUDSEN, 1967) but at least two

(A. pleuronectes and A. japonicum) are known to migrate

into shallow water for the purpose of spawning (B. Morton,

pers. comm. 1978).

Apart from the fact that it can recess into the sea bed

(B. Morton, pers. comm., 1978) littleis known of the reclin-

ing position of Amusium. Further Information relevant to P.

(P.) laeviradiaturn may be gained through a comparison with

the 'window pane oyster' Placuna placenta which at least in

the form of the disc resembles P. (P.) laeviradiaturn. PL

placenta reclines at a slight angle to the sea bed with the dorsal

third of the shell covered by sediment (Hornell, 1909). This

apparently serves to stabilise the shell against current action

and a similar reclining position can perhaps be envisaged for

P. (P.) laeviradiaturn with the dorsally extended auricles ob-

viating any need for bunal of the disc itself.

The usual occurrence of P. (P.) laeviradiaturn in moderate

numbers with a high diversity fauna suggests that it was an

equilibrium species (Levinton, 1970).

9. FUNCTIONALMORPHOLOGY

The following features of the disc are paradigmatic for a

bivalve reclining in a high energy environment:

1

.

Large size

2. Thick shell

3. Strongly ornamented right valve

4. Smooth left valve

5. Low convexity

Of these, P. (P.) laeviradiaturn exhibits only feature 5. The

ornamentation of the right and left valves is exactly opposite

to that of the paradigm. The fairly small adult size and thin

shell is much closer to a paradigm for reclining on soft sedi-

ment in a low energy environment. Since there is abundant

evidence (see Section 8) to show that P. (P.) laeviradiaturn in

fact occupied high energy environments it can be said that the

species was poorly adapted to such situations. However, feat-

ures which are inadaptive (small size, thin shell, reduced or-

namentation) or of neutral significance (ontogenetic increase

in UA) for reclining become adaptive for swimming. It seems

probable therefore that P. (P.) laeviradiaturn was able to re-

cover from periodic overturning by means of the swimming

response.
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The small initial size and subsequent negative allometric

growth of the byssal notch indicates only a briet byssate phase

early in ontogeny. However, additional stability forthe shell

when adult may have been provided by burial of the elongate

auricles just beneath the sediment surface, as suggested in Sec-

tion 8. Most studied examples of slender, linear projections

from the bulk of a shell (e. g. the alae of Mucrospinfer [Rud

wick, 1970]) have been interpreted in terms of a 'snowshoe'

adaptation to life on a soft Substrate. From the evidence al-

ready adduced from ecology this cannot be the case for P. (P.)

laeviradiatum. A more effective mode of stabilisation such as

the spines of Ps. (Ec.) barbatus was probably precluded by

the presence of a prismatic outer shell layer in the right valve

(herein presumed to exist by analogy with other asymetrically

ornamented members of the Propeamussiidae). Waller

(1972a) has demonstrated the difficulty of forming sharply

projecting ornament based on a prismatic microstructure.

This also explains the absence of plicae in P. (P.)

laeviradiatum. The internal costae of the species are almost

certainly a functional Substitute (see Part II).

Staesche (1926) speculated that the dorsally prolonged au-

ricles acted like the keel of a boat and provided stability during

swimming. To have been effective this would have required

the animal to swim with the plane of commissure vertical.

Since no extant pectinid is known to adopt this orientation

Staesi he's hypothesis must be classed as doubtful.

10. ORIGINS AND EVOLUTION

Of known species the only likely ancestor for P. (P.)

laeviradiatum is P. (P.) pumilum. The lower density of ex-

ternal costae cöuld be the result of heterochronic retardation

(caused by changes in the regulatory genome) of the rate of

costal intercalation in the latter species. The extended auricles

of P. (P.) laeviradiatum cannot be the result of heterochronic

alteration of the ontogeny of P. (P.) pumilum since the

growth of the auricles in the latter species seems to be isomet-

ric. The development of extended auricles may therefore sig-

nify structural genome evolution. The smaller number of in-

ternal costae could represent nothing more than selection for

the lower end of the ränge (9-13) in P. (P.) pumilum.

If P. (P.) laeviradiatum did indeed evolve from P. (P.)

pumilum we witness the evolution of a strongly 'K' selected

(stenotopic, equilibrium, moderate-sized) from a strongly V
selected (eurytopic, opportunistic, usually small-sized)

species.

There is no evidence for any phyletic trends in morphology

within P. (P.) laeviradiatum apart from a reduction in max-

imum height from the lowermost Aalenian (H max : 30) to the

L. Bajocian (H max : 22.5).

If P. (P.) laeviradiatum became extinct after the Laevius-

cula zone (see Section 5) no explanation can be put forward

for its demise in terms of a loss of the appropriate sedimentary

facies. Apparently suitable Condensed deposits occur widely

in the U. Baiocian of Europe.

v*? 1855
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sizes but in neither case reaching the ventral margin (PI. 1,

Fig. 14). Exteriorof left valve ornamented by morenumerous

original and intercalary costae, reaching the ventral margin

and crossed by comarginal Striae to form a reticulate pattern

(PI. l,Fig. 13). Right valveexteriorornamented with comar-

ginal Striae.

4. DISCUSSION

'Pecten' lorierianus Cotteau may constitute the first name

applied to the species described in Section 3. However, while

the syntypes (MNS B. 03985; PI. 1, Figs. 15, 16) apparently

reveal traces of internal costae, of which some seem to be in-

tercalary, there are only 5 or 6 original internal costae and

some of the costae appear to reach the ventral margin. It seems

unwise therefore to adopt 'P. ' lorierianus as the senior

synonym. The next available name is 'P. ' nonarius Quens-

tedt. Although the type material has not yet been found the

original description and figure leave no doubt as to its identi-

ty-

Abel's (1897) incomplete description of TV Spendiarowi

mentions intercalary internal costae but also specifies external

costae on the right valve, unlike P. (P.) nona.riu.rn. Vetters

(1905) re-examined Abel's topotype material and showed the

original description and figures to be composites built up

from a number of poorly preserved specimens. Unfortunate-

ly, he did little to clarify the nature of the Ornament on the

right valve exterior. However, in other respects the revised

description matches that of P. (P.) nonarium and it may well

be that the uncertainty over the right valve exterior Ornament

is due to preservation of Abel's and Vetter's material as com-

posite moulds, a common occurrence in thin shelled species.

One of the figures of 'P. ' penninicus Neumayr from the

Oxfordian has the characteristic reticulate exterior Ornament

of P. (P.) nonarium, described by Staesche (1926). Neumayr

referred this to the right valve in his diagnosis and considered

that the other figure, characterised solely by comarginal Or-

nament, represented the left valve. Holder (1978) has re-ex-

amined Neumayr's types in Vienna and suggested that both

may in fact be left valves which have been subjected to differ-

ing amounts of abrasion. There is thus no reason to exclude

T*. 'penninicus from P. (P.) nonarium on the basis of the ex-

ternal Ornament. Unfortunately the types are not large

enough to exhibit the diagnostic intercalary internal costae so

the possibility cannot be entirely excluded that they are very

late representatives of the externally similar species P. (P.)

pumilum; they apparently possess 1 1 original internal costae

as is common in the latter. Holder has figured a similar

specimen from the same horizon under Parvamussium äff.

personatum (Goldfuss), a junior synonym of P. (P.)

pumilum.

'P. ' poecilographus Gemmellaro and Di Blasi may be a

large form of P. (P.) nonarium (H: 44). The figured speci-

mens are apparently steinkerns showing 10-12 original inter-

nal costae, with additional costae intercalated near the ventral

margin. However, the disparity in size of the auricles (AH:

11, PH: 5.5 at H: 44) probably serves to distinguish the

species. The internal ornament recognisable on specimens re-

ferred to TV poecilographus by Boehm (1883) is too faint for

them to be regarded as conspecific with P. (P.) nonarium.

'Variamussium' quinquenarium Berckhemer is only

known from two poorly preserved steinkerns (H max : 28.6)

showing 5-6 original internal costae with 2-3 intercalary cos-

tae between each pair. Their overall shape is similar to P. (P.)

nonarium and they may therefore merely be large forms of

this species.

'P. ' ('Amusium') Pawlowi Retowski is only known from

one imperfect specimen. The figure of this reveals 22 internal

costae of which about 10 seem to be of intercalary origin. It is

therefore very similar to P. (P.) nonarium. TV ('Amusium')

Sokolowi Retowski was described as possessing 13-15 inter-

nal costal of which none were said to be intercalary. How-
ever, one of the original figures (pl. 14, fig. 26) is of a speci-

men with only 1 1 internal costae thus the species must be at

least close to P. (P.) nonarium. TV Sokolowi Borisslak and

Ivanoff (erected for a specimen referable to Radulopecten

fibrosus) is a junior primary homonym of 'P. ' ('Am. ')

Sokolowi Retowski and must therefore be rejected.

5. STRATIGRAPHIC RANGE

P. (P.) nonarium is first recorded in the (?U) Oxfordian of

S. Germany (Staesche, 1926; Nitzopoulos, 1974; ?Hölder,

1978) and ?S. Poland (Neumayr, 1871). Staesche also records

the species in the Kimmeridgian of S. Germany and there are

questionable records from the E. Paris Basin (see Section 7).

Tithonian records are widespread and refer to numerous

specimens although there are no certain records from the

U. Tithonian. 'Parvamussium' hinagense Tamura (1973) de-

scribed from Japan and Indonesia may represent the persis-

tence of P. (P.) nonarium into the L. Cretaceous.

6. GEOGRAPHICRANGE

P. (P.) nonarium is unknown outside the European region,

except possibly in the L. Cretaceous (see Section 5). Within

Europe (text. fig. 18) all records are limited to a narrow zone

corresponding to a palaeolatitude of about 25°N. Occurr-

ences outside this zone are of questionable identity (see Sec-

tion 4).

7. DESCRIPTION OF ECOLOGY

Undoubted records of P. (P.) nonarium are limited to mic-

ritic or marly limestones containing a benthic fauna which is

usually low in diversity and density. The only exceptions to

this rule are specimens from reef-derived faunas in the Titho-

nian of Sicily which have been referred to 'Pecten' poecilo-

graphus Gemmellaro and Di Blasi. This can be construed as

further evidence for the view that the latter is not conspecific

with P. (P.) nonarium (see Section 4).

In marly limestones of the L. Tithonian klippes north of

Vienna P. (P.) nonarium occurs commonly in an otherwise

sparse fauna dominated by ammonites but also containing a

few terebratulid brachiopods and bivalves of the genera As-

tartc, 'Aucella', Corbis, Nucula, 'Ostrea' and Trigonia

(Abel, 1897; Vetters, 1905). Micritic limestones of the same

age in S. Germany (Hangende Bankkalke) contain common
P. (P.) nonarium associated with a similar low diversity

benthos. In the M. Tithonian of the same area, the Neuburger
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Text f ig. 18: Propeamussittm (P.) nonarium - European distribution.

Bankkalke, a micritic limestone, contains common P. (P.)

nonarium in association with ammonites and small specimens

of Entolium (Wellnhofer, 1964).

Abundant but poorly preserved specimens exhibiting fine

radial Striae from the Calcaire ä Astartes (L. Kimmeridgian)

of the E. Paris Basin (MNR) are probably mainly referable to

Radtilopecten strictus (q. v.) but may also include a few ex-

amples of P. (P.) nonarium. Specimens with the diagnostic in-

tercalary internal costae have, however, yet to be discovered.

8. INTERPRETATION OF ECOLOGY

The fine-grained Sediments to which P. (P.) nonarium is

limited are indicative of very low environmental energy. The

sparseness of benthic fauna in such Sediments suggests that

they formed an unfavourable soupy Substrate. Entolium, the

only common epibenthic dement apart from P. (P.)

nonarium, probably escaped sinking into the Substrate by vir-

tue of the snowshoe effect provided by the small, thin, discoid-

al shell and by its probably considerable ability to swim.

Non-vagile by ssate and cemented bivalves were probably also

restricted by the paucity of firm attachment sites. It is worth

noting that the specimens of 'Ostrea' are always found

cemented to ammonites (Vetters, 1905).

P. (P.) nonarium may have been limited to low energy en-

vironments on account of its thin and probably weak shell.

However, the very restricted geographic distribution of the

species cannot be explained simply on this basis. Apparently

suitable fine-grained Substrates in, for instance, the U. Juras-

sic of S. Europe, went uncolonised. Bearing in mind the very

narrow latitudinal ränge of P. (P.) nonarium it is possible that

the species had a very precise temperature dependence.

9. FUNCTIONALMORPHOLOGY

Small size, low convexity, discoidal form and thin shell

place P. (P.) nonarium close to a paradigm for reclining on

soft Substrates in a low energy environment. The small byssal

notch indicates only a briet byssate phase in the juvenile. The

absence of Information on the ontogeny of umbonal angle

precludes any assessment of swimming ability although the

above features are certainly not inadaptive for swimming. In-

ternal costation probably provided strength and stiffness for

the thin shell in defence against predatory attacks. Intercala-

tion of new costae would have maintained this function

against the detrimental effects of increased size and so repre-

sents a superior adaptation in comparison to the simple pat-

tern of costae exhibited by other Jurassic species of Pro-

peamussium.

10. ORIGINS AND EVOLUTION

By its general morphological similarity the most likely an-

cestor for P. (P.) nonarium is P. (P.) pumilum. However,

there is an unexplained stratigraphic gap in the Callovian be-

tween respectively, the first and last appearances of these.

species.

At comparable sizes P. (P.) nonarium appears to have rela-

tively fewer costae on the exterior of the left valve than P. (P.)

pumilum. Since the costae are continuously intercalated dur-

ing the ontogeny of both species, trans-specific evolution may

have involved the heterochronic retardation of the rate of in-

tercalation with respect to size. Incontrast, the presenceof in-

ternal intercalary costae in P. (P.) nonarium represents the

evolution of a new feature and implies some more profound

revolution in the genome. It represents, moreover, an im-

provement in mechanical design (see Section 9) and this, to-

gether with a narrowing in the ränge of Substrate tolerance

and retardation of 'shape' development, is strong evidence for

the prevalence of 'K' selection (Gould, 1977).

From the limited available data it is impossible to detect any

phvletic trends within P. (P.) nonarium.
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Family PECTINIDAE Rafinesque 1815

Genus ENTOLIUM Meek 1865

Type species. OD; Mi-ek 1865 p. 478; Pecten demissus

Phillips, "as illustrated by Quenstedt, 1858, p. 353, pl. 48,

fig. 7", i. e. Entolium demissum Meek 1865 (see Duff, 1978);

Aalenian, Germany.

AMENDEDDIAGNOSIS

Byssal notch usually absent at all stages of development;

margins closed laterally; incised ligamental area usually pre-

sent and extending parallel to hinge line on each side of inner

ligament pit; auricular crura present; outer shell layer partly

'fibrous', 'fibres' radial or divaricate. M. Tr.-U. Cret., cos-

mop.

DISCUSSION

Hertlein (1969: N346) considered a byssal notch to be

lacking in Entolium. There is, however, a small but quite

clearly developed notch in juveniles of Entolium (E.) lunare

(see p. 38). By his Statement 'inner shell layer calcite, foliate;

outer layer radially fibrous' Hertlein implies in his diagnosis

the existence of only 2 shell layers in Entolium. However, in

almost all known scallops, including the morphologically

very similar Amusium (Taylor et al., 1969), there is a third

non-myostracal shell layer, composed of aragonite. In all but

the aberrant Propeamussiidae (see p. 22) this forms the

middle shell layer and a similar layer can de inferred in En-

tolium (see p. 36). The inner and outer shell layers of Re-

cent pectinids (sensu stricto) appear to be invariably com-

posed of foliated calcite (Taylor et al., 1969). However,

Hertlein' s contention that Mesozoic Entolium has a fibrous

outer layer is given support by the author's study of valve sur-

faces at low magnification (text fig. 27) although it would ap-

pear from specimens in various states of abrasion that only

one sub-layer within the outer shell layer is composed of

fibres. Indeed it is conceivable that the fibrous appearance

could be due to the assumption of a vertical orientation by

foliae. SEMstudy of fractured surfaces has not proved defini-

tive on this point but henceforth in this work shell structures

such as that depicted in text fig. 27 are termed fibrous in order

to distinguish them from the more usual foliated structure

consisting of sub-horizontal foliae. The mineralogy of the

outer shell layer in Entolium is unclear from Hertlein's

Statement but the preservation State of specimens examined

by the author suggests very strongly that it is calcitic, as is

usual in the pectinids (see above).

Hertlein's Statement that the fibres are radial must be

amended on the basis of results presented herein so as to in-

clude divaricate arrangements. Such arrangements are also

found in L. Jurassic Camptonectes (C.) subulatus (q. v.) thus

forms of the latter with shallow byssal notches closely resem-

ble contemporaneous Entolium (see p. 38). They may,

however, be distinguished in well preserved specimens by the

presence of divaricate Striae on the shell surface (as against di-

varicate fibres within the shell of Entolium), by the absence

of dorsally extended auricles on the right valve, by the per-

pendicular junction of the anterior auricle with the hinge line

on the left valve and by the marked auricular asymmetrv in

both valves.

Subgenus ENTOLIUMs. s.

(Synonyms etc. Protamusium Verrill 1897

Protamussium Paris and Richardson 1916

[nom. null.]

Protomusium Stewart 1930 [nom. null.]

Entholium Tzankov and Boncev 1932

[nom. null.]

Etolium McLfarn 1949 [nom. null.])

AMENDEDDIAGNOSIS

Auricles of right valve projecting above hinge, commonly
as angular wings; left valve smooth, right valve smooth or

with comarginal grooves. M. Trias. - U. Cret., cosmop.

DISCUSSION

Hertlein (1969: N347) considered the valve bearing dor-

sally extended auricles in E. (Entolium) to be the left. How-
ever, the fact that in E. (E.) lunare (see p. 38) a byssal notch

is found in the valve bearing dorsally extended auricles indi-

cates, by analogy with all other known pectinids, that this

valve is the right. Hertlein thought that the outer surface of

the valves was always smooth in E. (Entolium) . The right

valve of E. (E.) orbiculare (see p. 57) exhibits, however,

quite strong comarginal grooves.

Staesche (1926) attempted tosubdivide the bulk of Jurassic

E. (Entolium) by the criterion of the presence or absence of

internal ridges extending from the umbonal region in a direc-

tion sub-parallel to the dorsal margins. Forms with such

ridges were said to posses umbonal angles of about 95° and

were referred to the 'Gruppe des Entolium angulatum ' while

forms without internal ridges were said to possess larger um-

bonal angles and were referred to the 'Gruppe des Entolium

demissum'. Many subsequent authors have adopted

Staesche's criteria yet they almost certainly represent a spuri-

ous basis for the subdivision of the majority of Jurassic E.

{Entolium). Staesche himself figured (pl. 4, fig. 5) a speci-

men of the exemplary species of his second group which

shows, through the translucent shell, the internal ridges diag-

nostic of his first group. Moreover, the sole known type of

this species (YM 202) has an umbonal angle of barely 80°. In

fact umbonal angle increases through the ontogeny of virtu-

ally all Jurassic E. (Entolium) from a value below 95° to a

value well above it, thus a single value cannot be diagnostic of

any subdivision of the group. Furthermore internal ridges

may be found in large specimens with correspondingly large

umbonal angles as well as in small specimens with umbonal

angles of about 95°. The author considers that in most cases

the development of internal ridges, far from being under

genetic control, is a result of diagenetic processes.

As Staesche pointed out, the internal ridges correspond in

position to the margins of the relatively thick inner shell layer

(composed of foliated calcite). In all known true pectinids (see

above) this layer is surrounded in the internal surface by the

outcrop of the middle shell layer and pallial myostracum,

both of which are thin and composed of relatively soluble

aragonite. In very many of those specimens of E. (Entolium)

exhibiting internal ridges the upstanding feature appears to be
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nothing tnore than the edge of the inner shell layer, exagger-

ated by the loss of the immediately adjacent shell material.

This is most plausibly explained as the result of the preferen-

tial dissolution of aragonite during diagenesis. Such a process

could also account for the fact that in some specimens the

externa! surface of the shell displays ridges above the

edges of the inner shell layer (PI. 1, Fig. 17). Although dis-

solution of aragonite would result in thinning of the shell in all

but the most marginal regions (whose thickness is entirely due

to the outer shell laver whieh is almost certainly composed of

calcite, see p. 35) the proportionate effect on thickness

would be greatest in the region immediately marginal to the

inner shell layer where the middle shell layer and pallial myos-

tracum constitute a relatively large part of the total thickness.

Thus, in shells affected by diagenetic loss of aragonite, one

might expect this region to be the locus of most compressive

deformation due to sediment compaction with the resultant

development of a ridge above the edges of the inner shell layer

in a manner analogous to the genesis of a fault scarp.

In the case of certain specimens (BSPHG 1957 VI

1291-1293, 1824-1855) referred by Wellnhofer (1964) to

Entolium cingulatum (Goi i>h ssj it does appear that internal

ridges were present when the animal was alive. The grooves

seen on internal moulds (cf. PI. 1, Fig. 21) seem too sharply

defined to have resulted from any diagenetic process of the

sort outlined above. The author prefers at present to reserve

judgement on the Status of these specimens pending examina-

tion of further material (see also p. 52).

For the remainder of Jurassic £. (Entolium), to which

Staesche's scheme seems inapplicable, the only criteria by

which a reasonable subdivision can be made are the presence

or absence of a byssal notch and the presence or absence of

strong comarginal grooves on the right valve. The first distin-

guishesbetween E. (E.) lunare and E. (E.) corneolum and the

second between £. (E.) orbiculare and both the latter species.

E. (E.) orbiculare and £. (E.) corneolum undoubtedley over-

lap in their stratigraphic langes (see pp. 58, 52) and there

is a strong Suggestion that the latter species overlaps with E.

i E. 1 binare (see pp. 43, 52). There is thus no evidence that the

species form part of aphyletic continuum. Kelly (1977) states

that E. (E.) orbiculare may sometimes lack comarginal

grooves on the right valve but that samples of E. (Entolium)

can be assigned unequivocally to E. (E.) orbiculare if a few

comarginally grooved right valves are present. This argument

ignores the quite reasonable possibility that E. (E.) orbiculare

may occur sympatrically with other E. (Entolium) species.

Thus in the absence of any other diagnostic features in E. (E.)

orbiculare the author can see no justification for not placing

smooth right valves occurring together with comarginally

grooved right valves in £. (£.) corneolum if (like all un-

doubted examples of £. (E.) orbiculare examined by the au-

thor) they lack a byssal notch or in £. (E.) binare if (as Kelly

states without pictoria! evidence, may sometimes be the case

in £. (E.) orbiculare) they possess a byssal notch. There is a

pressing need for detailed study of undoubted (comarginally

grooved) right valves of £. (E.) orbiculare in order to isolate

further diagnostic features which could be used to cross-

check Kelly's Statements concerning the ränge of Variation in

the right valve.

At present there appears to 1k- no completely sound basis

for distinguishing the lett valves ol any ol the three species

discussed above. However, slight differences in mean metric

proportions (see pp. 38, 47, 57) and the relatively lim-

ited overlap of the known stratigraphic ranges of the species

(see pp. 43, 52, 58) do allow a reasonably confident

identification of some specimens.

A further species which may be referable to £. (Entolium),

characterised by a slight byssal notch and very high HAAR/L

(see p. 43), appears to be quite common in the Tithonian of

S. Europe. However like a number of other distinctive

species from the latter stage and region (see p. 11) it is ex-

cluded from this work because of the paucity of museum

specimens and bibliographic references and because its origins

probably lie outside the pectinid fauna of the European Juras-

sic.

There is some evidence from the literature (see p. 58) for

yet another £. (Entolium) species, characterised by strong

comarginal Ornament on both valves, in the M. Jurassic of

Europe. However, the author has failed to discover any

specimens which confirm the existence of this species.

The somewhat reduced mean H/UA of specimens with

smooth, unnotched right valves from M. Tithonian sands

near Oxford is not considered herein to merit a specific Sep-

aration from £. (E.) corneolum since other metric propor-

tions are inseparable from the latter species and a number of

more parsimonious explanations, of which reduced growth

rate is the most plausible (see p. 55), are available.

Entolium (Entolium) binare (RoEMI R 1839)

PI. l,Figs. 17, 18, ?Fig. 23;textfigs. 19-29.

Synonymy

? 1829 Pecten sp.; PHILLIPS, pl. 5, fig. 1 1.

? 1833 Pecten glaber sp. nov; Hl Hl in v. ZlETEN, p. 69,

pl. 53, fig. 1 (non MONTAGUsp.).

1836 Pecten uirueiis
J. SOWERBY;GOLDFUSS, p. 73,

pl. 98, flg. 1 1 (non J. SOWERBYsp.).

Pecten lunaris sp. nov; Roemer, p. 26.

Pecten liasinus sp. nov; NYST, p. 299.

Pecten Hebln sp. nov; D'ORBlGN-i , v. 1, p. 219.

Pecten disciformis SCHOBLER; D'Orbigny, v. 1,

p. 237 (non SCHÜBLERsp.)

Pecten Philenor sp. nov; D'Orbigny, v. I, p. 238.

Peitcn Palaemon sp. nov; D'Orbigny, v. 1,

p. 238, (Büule, 190S, v. 3, p. 37, pl. 18, fig. 5,

non fig. 6).

Pecten Proeteus sp. nov; D'Orbigny, v. 1, p. 257.

Pecten glaber HEHL; QuENSTEDT, p. 506

(non MONTAGUsp.).

1 853 Pecten glaber 6 var. nov; OPPEL, p. 77

(non Montage; sp.).

? I8SS Pecten amatus sp. nov; ANDI i R, p. 644.

(

;
) I 858 Pecten glaber Hehl; Quenstedt, p. 79

(non MONTAGUsp.).

? 1858 Pecten sepultiis sp. nov; Quenstedt, p. 48, pl. 4,

figs. 10, 11.

1858 Pecten Hebli D'Orbigni ; OlTl i , p. 103.

(?) 1858 Pecten Philenor D'Orbigny; Oppei , p. 181.

(?) 1861 Pecten icpnltns QUENSTEDT; TRAUTSCHOLD,

p. 446.

1863 Pecten liasinus NYST; SCHLÖNBACH,p. 545.

1864 Pecten Hebli D'ORBIGNY; DUMORTII R, p. 162,

pl. 24, fig. 16.

? 1866 Pecten demissus Phillips; Lindstrom, p. 14, pl. 3,

figs. 9, 10 (non PHILLIPS sp.).
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1867

1868

? 1S69

1S69

1869

1S71

1872

? 1875

1876

v 1878

? 1883

1884

1886

? 1886

? 1888

1891

? 1891

1892

(?) 1S92

1894

? 1S95

? 1895
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Text fig. 20: Entolium (£.,) Ulnare - Separation of auricular apices/length.

3. AMENDEDDESCRIPTION

Disc sub-ovate, higher than long earlv in ontogenv, be-

coming longer than high (text fig. 19). Maximum height

probably 116 mm (BM 46444) but possibly as much as

145 mm(see Section 4). Umbonal angle relatively invariant at

any one size but increasing at a decreasing rate during on-

togeny (text fig. 21) to give concave dorsal margins.

Equilateral, approximately equivalve, low convexity.

Intersinal distance slightly greater in left valve than right,

increasing at a decreasing rate in both (text figs. 22, 23). Small

juvenile byssal notch becoming almost non-existent later in

ontogens- (PI. 1, Fig. 18).

Disc flanks low but auricles well demarcated from disc. On
left valve both auricles meeting hinge at an obtuse angle and
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disc at an acute angle. On right valve both auricles extended

dorsally beyond hinge line, posterior meeting disc at an acute

angle, anterior meeting disc at an approximate right angle.

Height of right valve anterior auricle (text fig. 24) and Separa-

tion of auricular apices (text fig. 20) variable and increasing at

a decreasing rate in both. Anterior hinge length slightly great-

er than posterior, increasing at a decreasing rate in both (text

figs. 25, 26).

Valve exteriors ornamented only with very fine comarginal

Striae. Shell thin with at least one sub-layer in the outer shell

layer composed of divaricate fibres (text fig. 27; see p. 35).

4. DISCUSSION

Possibly the earliest bibliographic record of the species de-

scribed in Section 3 is as 'Pecten' sp. Phili ips (1). The stratig-

raphic horizon of the figured specimen is unusually late (Ox-
fordian) but the presence of a byssal notch aligns it with the

species described above (however, see below). The original is

now lost, as is that of '/>.
' glaber Hehl whose figure also re-

sembles that of the species described in Section 3. In erecting

TV Hebln for Hmi.'s figured specimen, d'Orbignv (1850)

considered that TV glaber was a junior primary homonymof

a species described by Montagu in 1 803. His hypodigm is far

from clear but subsequent authors (see Svnonvmy) have ap-

plied the name to the species described in Section 3. The pres-

ent author has been unable to trace Montagu's description

but even assuming that d'Orbigny was justified in rejeeting

Hi hi 's species, the creation of a new species was an unneces-

sary step sinee both TV lunaris Roemer and TV liasinus

Nyst appear to represent the species described in Section 3,

and have historicaJ precedence, 'P. ' liasinus was created in

1843 for Goldfuss' (1836) specimen from the L. Jurassic re-

ferred to TV corneus J. Sowerby, a Tertiary species.

'P. ' lunaris was erected in 1 839 for a specimen which, aecord-

ing to Bkauns (1871), was derived from the Planorbis zone.

The specimen has not been examined by the present author.

However, Ri >i mi r speeifies an umbonal angle of 1 50° which is

a reasonable value for the species described in Section 3 at the

size stated ('diameter': 87 mm)and well above that attained in

any other Jurassic E. (Entoliiim) species. Together with the

stratigraphic Information this can leave little doubt that

TV lunaris should be aecorded the Status of senior synonym.

One of the syntypes of TV Palaemon d'Orbigny (MNS
1840) closely resembles E. (E.) Innare in its Ornament and
metric proportions (2). However, the other syntype is closer

to Chlamys (Ch.) textona in its possession of radial Striae and

since such ornament was speeified in d'Orbigny's descrip-

tion, the latter specimen should perhaps be selected as lec-

totype. This Interpretation appears to have been followed by

Cossmann (1916) and Dumortier (1869).

'P.
' Philenor d'Orbigny was created for L. Pliensbachian

speeimens which feil within G> ildfi ss' (1836) hypodigm for

'P. ' cingulatus, an E. (Entolium) species. In so far as there are

apparently no European L. Pliensbachian E. (Entolium)

species apart from E. (E.) binare, d'Orbigny's hypodigm
must be included in the latter species coneept. However the

single observed type (MNO 1843) is probably a representa-

tive of Ch. (Ch.) textona so the Status of secondary refer-

ences to d'Orbigny's species for which no original remains

(e. g. Oppel, 1858) is in some doubt. The figured Originals of
Si \i sche's (1926) 'Ch. ' Philenor (GPIT) are almost certainly

representative of E. (E.) binare but that of Kühn's (1936)

'Ch.' philenor (BSPHG) is more reminiscent of Camp-
tonectes (C. I subulatus.
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Text hg. 23: Entolium (E.) Innare - intersinal distance on right valve/length.
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Text fig. 24: Entolium (E.) lunare - height of anterior auricle on right valve/length.

In the same way as for 'P. ' Pbilenor, d'Orbigny created

'P. ' Proeteus forToarcian specimens which feil within Gold-

fuss' hypodigm for 'P. ' cingulatus. Since two E. (Entolium)

species (E. (E.) lunare and E. (E.) corneolum) appear to

coexist in the Toarcian it is impossible to be certain of d'Or-

bigny's hypodigm in the absence of a diagnosis. The only syn-

type which the author has been able to discover (MNO2079)

is too poorly preserved for specific determination although

H/L and PH/L (3) plot within the ränge of E. (E.) lunare.

Staesche's (1926) figured Originals to E. Proeteus (GPIT) are

similarly indeterminate and thus specimens referred to this

species by the latter author in Behmel and Geyer (1966) are

also of uncertain affinities. Wendt's (1971) record from the

Aalenian and Bajocian of Sicily almost certainly refers to E.

(E.) corneolum,

A specimen (MNS) from the L. Pliensbachian referred by

d'Orbigny to Schübler's (1833) Bajocian species 'P.' dis-

ciformis (= E. (E.) corneolum q. v.) in fact possesses thesmall

auricles typical of E. (E.) lunare. Similarly, a specimen from

the same horizon referred to Schübler's species by Cossmann

(1916) has the small byssal notch of E. (E.) lunare. Bearing in

mind the known stratigraphic ränge of E. (E.) corneolum it
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Text fig. 25: Entolium (E.) lunare - anterior hinge length/length.
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Text fig. 26: Entolmm (E.) lunare - posterior hinge length/length.

seems highly likely that unillustrated reports of pre-Toarcian

occurrencesof Schübler's species (Coquand, 1860; Terquem

and Piette, 1865; Pompeckj, 1897; Joly, 1907; Dubar, 1925;

Lanquine, 1929; Du ii am ai \, 1936) together with Leanza's

(1942) and Lentini's (1973) poorly illustrated examples are in

fact referable to E. (E.) lunare. Goldfuss' (1836) record of L.

Jurassic examples of Phillips' species 'P.' demissus islikewise

almost certainly a misnomer for E. (E.) lunare; his figured

specimen (BSPHG) is from the M. Jurassic. However, speci-

mens figured under 'P. ' demissus from an unspecified

horizon in Spitzbergen (Lindstrom, 1866; Lundgren, 1883)

exhibit the byssal notch typical of E. (E.) lunarc and thus,

bearing in mind the very limited development of the L. Juras-

sic in Spitzbergen, may constitute M. or even U. Jurassic rep-

resentatives of the latter species. 'P. ' Stewartianus Lundgri n

from an unspecified horizon in E. Greenland has a slight bys-

sal notch and H/UA (150/140) within the ränge of E.
| £. ) Uln-

are projected to larger sizes. It may be an U. Jurassic re-

presentative of the latter since it was compared with a species

described from the Kimmeridgian, 'P.' validus Lindstrom

(= Camptonectes (C.) auritus).

Borissiak and Ivanoff's (1917, pl. 1, fig. 4) figure of

'P. ' vitreus (non Rof.mer) depicts a specimen with a byssal

notch that is undoubtedly from the L. Volgian (~ L. Titho-

nian) of Russia. However, it should be borne in mind for this

and the above records from Spitzbergen and Greenland that

E. (E. i orbiculare (q. v.) is present in the U. Jurassic of each

area and since Kelly (1977) states that the right valve of the

latter species may be smooth and possess a byssal notch there

remains the possibility that E. (E.) orbiculare may be the only

species present (however see p. 36). There is a rather more

remote possibilitv that the above records may refer to a

poorly known, essentially S. European species (see below).

'P.' callosus Lundgren, from E. Greenland, has metric

proportions (4) within the ränge of E. (E.) lunare.

The figures of 'P. ' lundgreni Moberg from S. W. Sweden

appear to show divaricate Striae and are thus indicative of

Camptonectes. However, Troedsson (1951), who may have

examined the types, has referred to Mobfrg's species speci-

mens whose small byssal notch, H/L, H/UA, Ir/L and

HAAR/L (5) is within the ränge of E. (E.) lunare. Metric

proportions of Moberg's figure (6) are also indistinguishable

so the appearance of divaricate Striae may be a misrepresenta-

tion of the divaricate fibres within the shell of E. (E.) lunare.

AH/L (46/130) and I R/L (60.5/130) of the figure (1869,

pl. 37, fig. 1 ) of 'P. ' frontalis Dumortier from the U. Pliens-

bachian are considerably higher than those of measured

specimens of E. (E.) lunare. However, this may well be due

to inaccurate representation of the original for which Dumor-

tier cites a height of 145 mmand length of 155 mm. Subse-

quent references to Dumortier's species in Parona (1892),

Roman (1926), Rosenkrantz (1934, 1942) and Dechaseaux

(1936) are unaccompanied by figures so must remain doubt-

ful. 'P.' (Entolium) Fratponti Rollier, which was thought to

represent possibly no more than a geographic race of

'P.' frontalis has H/UA (104/140) within the ränge of E. (E.)

lunare projected to larger sizes. H/UA of the figure of 'Ch.

'

('Pseudamussium') chartrom Cos^-man (7) from the Hettan-

gian ot France is also within the ränge of E. (E.) lunare. The

depth of the byssal notch is more reminiscent of C. (C.) sub-

ulatus but in spite of Cossmann's Statement to the contrary

the auricles of one figured specimen extend dorsally beyond

the hinge line so his species may be an early and morphologi-

cally extreme representative of E. (E.) lunare. 'P. ' Di-Blasii

Di Stefano, from the L. Lias of Sicily has rather pronounced

comarginal ornament but as it is in other respects identical to

E. (E.) lunare this may be another aspect of Variation.

The equal-sized auricles of 'P. 'sepultus Quenstedt, a small

smooth species from the L. Lias of Swabia, suggest that it be-

longs to E. (E.) lunare rather than the commonco-occurring
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Text fig. 27: Outer surface of a slightly abraded right valve of

Entolium (E.) lunare showing divaricate fibres. Specimen (BSPHG
1983 XVII 8) from Frodingham Ironstone; x 1.6.

species C. (C.) subulatus. However, the affinities of

'P.' amattts Andler, from the same horizon and region,

diagnosed merely as a smooth flat shell with comarginal

Striae, could lie with either of the above species. 'P.' demis-

saries Cross was given a similarly inadequate diagnosis but is

probably synonymous with E. (E.) lunare rather than C.

(C.) subulatus since the horizon of derivation (Frodingham

Ironstone) is one in which the former species is much more

abundant than the latter (see Section 7).

'P.' glaphyrus R. Philippi was distinguished from the Cal-

lovian species 'P. ' demissus (= E. (E.) corneolum) by the re-

latively undiagnostic criterion of auricle angularity. How-
ever, in so far as the species is described from the U. Pliens-

bachian (prior to certain records of E. (E.) corneolum) it

probably belongs to E. (E.) lunare. Although described from

the Callovian Entolium sp. A. Duff has a clear byssal notch,

unlike the much more commoncontemporaneous species E.

(E.) corneolum, and may therefore be a late representative of

E. (E.) lunare. The small size of the available material does

not however allow exclusion of the possibility that E. sp. A is

an early representative of E. (E.) orbiculare (see above) or an

essentially S. European Tithonian species which bears a sup-

erfical resemblance to E. (E.) lunare but which can be readily

distinguished in large specimens by the much higher HAAR/L

(8, 9; specimens referred respectively to 'P.' insulariun

d'Orbigny [MNS] and 'Ch.' cf. poecilographa Gemmellaro

and Di Bi \si [GPIT]).

Goldfuss' (1836) name 'P.' calvus (= C. (C.) subulatus q.

v.) has been misapplied by Staesche (1926) and Troedsson

(1951) tofigured specimens with the small byssal notch typi-

cal of E. (E.) lunare. It is thus possible that unillustrated rec-

ords of Goldfuss' species in d'Orbigny (1850), Täte and

Blake (1876) and Joly( 1907) may also referto E. (E.) lunare.

5. STRATIGRAPHIC RANGE

Two specimens from the Planorbis zone (Hettangian) of

the Italian Alps (Bistram, 1903) together with an indetermi-

nate number of specimens from the same horizon in S. Ger-

many (Staesche, 1926), Roemer's (1839) material, probably

from N. Germany, and questionable specimens from the W.
Paris Basin (Cossmann, 1904; see Section 4) constitute the ear-

liest records of E. (E. ) lunare. The species is recorded rarely

in the Angulata zone of the Rhone basin (Dumortier, 1864)

and may also occur at the same horizon in S. Germany (An-

dler, 1858; see Section 4). Dechaseaux (1836) records the

species from an unspecified horizon in the Hettangian of the

E. Paris Basin. E. (E.) lunare becomes common in the Buck-

landi zone and is thereafter widespread and locally common
until the U. Pliensbachian. Toarcian records are equivocal be-

cause all potential examples of E. (E.) lunare have poorly pre-

served auricles and so cannot definitely be separated from E.

(E.) corneolum by the diagnostic criterion. However, a

specimen in the GPIG (PI. 1 , Fig. 23) from the Toarcian ofS.

Germany has H/UA (10) well outside the ränge of E. (E.)

corneolum and this specimen together with four others from

the same area in the GPIT, one from Yorkshire (SM J50642)
and one from Gloucestershire (BM L94280), all of which plot

within the ränge of text fig. 21 , seems to indicate that E. (E.)

lunare extended into the Toarcian. All but the first mentioned

are from the upper substage.

M. and U. Jurassic bibliographic records which may refer

to E. (E.) lunare must be treated with great caution (see See-

Text fig. 28: Entolium (E.) lunare - European distribution.
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Text fig. 29: Entolmm (£.) lunare - World distribution (Pliensbachian reconstruetion)

tion 4). A slight byssal noteh is present in a smooth right valve

(OUMJ26053) from the L. Tithonian (Pectinatus zone) near

Oxford but in view of the possible development of such a

morphology in E. (E.) orbiculare (see p. 36) it can only

tentatively be aeeepted as an U. Jurassic record of E. (E.)

lunare.

6. GEOGRAPHICRANGE

Within Europe (text fig. 28) E. (E.) lunare is a widespread

species. Outside Europe (text fig. 29) oecurrences are widely

dispersed and are not connected by obvious migration routes.

Records from S. America might be understood as the result of

a migration along the northern shores of Tethys by linking

oecurrences in the Carpathians (Pompei kj, 1897) and Japan

(Hayami, 1961). However depending on the tectonic recon-

struetion adopted records from the Carpathians might be held

to indicate migration along the southern shores of Tethys,

perhaps utilising a marine connection between Africa, Ant-

aretica and S. America (see p. 25).

7. DESCRIPTION OF ECOLOGY

E. (E.) lunare first oecurs commonly in the Arietenkalk

(L. Sinemurian,Bucklandizone)of S. W. Germany in associ-

ation with quite common examples of Camptonectes (C.)

subulatus and Cblarnys (Ch.) textoria. The maximum height

of E. (E.) lunare is 51 mm(GPIT). Deposits of the same age

and probably similar facies in the Rhone also contain abun-

dant E. (E.) lunare in assoeiation with Pseudopecten (Ps.)

iquivalvis (Dumortier, 1867). In the U. Sinemurian (Ob-

tusum zone) part of the Frodingham Ironstone, a Condensed

chamosite oolite in Lincolnshire, E. (E.) lunare oecurs with

all the above species but is much the most numerous element

of the fauna, attaining a maximum height of 57 mm(ScM

1099). In contemporaneous argillaceous facies (Hallam,

1963) and similar facies in the L. Pliensbachian E. (E.) lunare

is greatly outnumbered by C. (C.) subulatus. However, in

neretic limestones, probably of L. Pliensbachian age (see p.

79) in Sicily (Di Stefano, 1886) C. (C.) subulatus is absent

and E. (E.) lunare oecurs commonly with Ps. (Ps.) veyrasen-

sis. L. Pliensbachian sandstones in E. Greenland (Ri>si \

kram/, 1934) are reported to contain abundant examples of

E. frontale (Dumortier), a probable synonym of E. (E.) lu-

nare (see Section 4) in assoeiation with common Ps. (Ps.)

equivalvis. The latter species greatly outnumbers E. (E.) bi-

nare in the Condensed chamosite oolites ('Pecten' Beds) of the

Ibex zone in Gloucestershire and Lincolnshire and in sand-

stones (Sandy Series) and Condensed chamosite oolites

(Cleveland Ironstone) of the Margaritatus zone in Yorkshire.

A similar Situation pertains in ironstones of the Spinatum

zone (Maristone) in the Midlands where the species reaches a

maximum height of 1 16 mm(BM 46444). However, in sand-

stones of the Margaritatus zone (Thorncombe Sands) in

Dorset the relative proportions are reversed although the

maximum height of E. (E.) lunare is only 37.5 mm(BM

LL30727). In contemporaneous clays in Yorkshire E. (E.) lu-

nare is greatly outnumbered by C. (C.) subulatus and reaches

a maximum height of only 25 mm(author'seollection). Apart

from the above cases, E. (E.) lunare, although widespread, is

only known to be common in the Gresten Beds of Austria

(Trauth, 1909) where Ch. (Ch.) textoria and Ps. (Ps.) den-

tatus are also quite common.

8. INTERPRETATION OF ECOLOGY

It is clear from Section 7 that E. (E.) lunare exhibited con-

siderable eurytopy with respect to Substrate. However, if

maximum size is taken as a measure of environmental

favourability then, at least in the U. Pliensbachian, Con-

densed ironstones can be seen to have offered more suitable

conditions than sands or clays. This can presumably be ex-

plained, in the same way as suggested for Ps. (Ps.) equivalvis

(see p. 71) by the reduced turbidity and possibly increased

temperature characteristic of ironstone deposition. Speci-

mens from the Sinemurian Arieten-Kalke which are not much

smaller than those from the roughly contemporaneous

Frodingham Ironstone may well be derived from Condensed

horizons within the predominantly argillaceous sequence

(Urlichs, 1971).
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If abundance is taken as a measure of environmental

favourability then sandstones appear to have been just as suit-

able as ironstones. In both facies a frequent inverse correla-

tion in the numbers of E. (E.) lunare and Ps. (Ps.) equivalvis

is strong evidence for competition. In sandstones the domin-

ant species appears to fluctuate at random from place to place

but in ironstones E. (E.) lunare apparently lost its competi-

tive superiority after the Sinemurian and Ps. (Ps.) equivalvis

became dominant. There is no evidence for a similar competi-

tive reaction with Ps. (Ps.) dentatus, Ps. (Ps.) veyrasensis or

Ch. (Ch.) textoria.

Competition with C. (C.) subulatus is suggested by the

tendency after the L. Sinemurian for E. (E.) lunare to be

most abundant in arenaceous facies, a trend essentially oppo-

site to that observed in the former species (q. v.).

Recent analogues of E. (E.) lunare are provided by species

of Amusium. Most live in deep water (Knudsen, 1967) but

somc, such as A. pleuronectes and A. japonicum, migrate

considerable distances into shallow water for the purpose of

spawning(B. Morton, pers. comm., 1978). Swimming ability

is excellent, with 'flights' of at least 10 mbeing possible, even

at shell lengths near 100 mm. Stationary individuals recess

into the sea bed.

9. FUNCTIONALMORPHOLOGY

The small juvenile byssal notch and its subsequent allomet-

ric reductioninsizeimply that E. (E.) lunare could only have

been byssally attached for a very short period early in on-

togeny.

The large, smooth, low convexity shell is paradigmatic for

reclining in the high energy environments favoured by the

species. The dorsally extended auricles of the right valve may
have assisted reclining in the same way as suggested for Prop-

eamussium (P.) laeviradiatum (see p. 31). The thin shell is

non-paradigmatic for reclining but probably represents an

adaptation towards improved swimming efficiency, com-

bined with ontogenetic increase in the umbonal angle.

Smoothness and low convexity are also adaptive for swim-

ming, but large size is not. However, bearing in mind the sizes

at which swimming is possible in Amusium (see Section 8), it

seems likely that the thinness of the shell offset any disadvan-

tage resulting from the greater weight associated with large

size.

Due to the rarity of bivalved specimens and generally poor

preservation of the muscle scars, it has proved impossible to

judge whether the high values for adductor muscle obliquity

(Thayer, 1972) and moment (Gould, 1971) which contribute

towards the considerable swimming ability of Amusium, are

also characteristic of E. (E.) lunare.

The internal costae which presumably compensate for the

reduced strength and stiffnessof the smooth, non-plicate shell

in Amusium would appear to be functionally represented by

divaricate fibres within the shell of E. (E.) lunare.

10. ORIGINS AND EVOLUTION

Since E. (E.) lunare is first recorded in the Planorbis zone

its origins probably lie in the Trias. E. (E.) discites

(Schlotheim), a Trias species with a slight byssal notch seems

to be the most likely ancestor.

There are no phyletic trends within E. (E.) lunare apart

from a marked increase in maximum height in the same iron-

stone facies from 57 mmin the U. Sinemurian to 116 mm
(possibly 145 mm, see Section 4) in the U. Pliensbachian. It

should, however, be noted that the value of 3V2" (88 mm)
cited for the "diameter" of Roemer's holotype from the Het-

tangian (Brauns, 1871 ) almost certainly implies a height great-

er than that attained in the U. Sinemurian, albeit in an iso-

lated specimen.

The Toarcian decline of E. lunare may well be due to the

widespread development of unfavourable bituminous shale

facies in the lower substage. However, the fact that there ap-

pear to be at least a few U. Toarcian representatives (see Sec-

tion 5) suggests that competition with E. (E.) corneolum, a

species which apparently evolved in the latter substage, may
also have played a part.

Entolutm (Entohum) corneolum (Young and Bird 182£

PI. 1, Figs. 24-26, ? Figs. 20, 22, 27; text figs. 30-37

1828
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considered that they should be united with forms referred to

TV demissus (a conclusion supported by text fig. 32) under

the slightly earlier name of TV corneolus Young and Bird

(1828). The figure of thelatter species is poor and the original

is now lost. However, the description (see Section 1) leaves

little doubt as to its affinities and Duff has now designated an

appropriate neotype (OUM J8151; 4). Middle Jurassic rep-

resentatives of E. (E.) corneolum have usually been referred

to either 'P. ' disciformis Schübler or 'P. ' spathulatus

Roemer. H/U A of the original figures of both species (5 and 6

respectively) from the M. Jurassic of Germany, is within the

ränge of E. (E.) corneolum although that of 'P. ' spathulatus

is near the limit of Variation in measured specimens.

Lindstrom's (1866) and Lundgren's (1883) incorrect re-

cords of Phillips' species are discussed under E. (E.) lunare.

Because of the possibility of confusion with the latter species

in the Toarciar», unfigured records of Phillips' species from

that stage in Pompeckj (1897), Rosenkrantz (1934), Wandel

(1936), Dean (1954) and Behmel and Geyer (1966) must be

treated with considerable caution. Unfigured Toarcian re-

cords of Schübler's species in Dumortier (1869), Simpson

(1884), Pompeckj (1897), Burckhardt (1903) and De-

chaseaux (1936) must be similarly treated. Pre-Toarcian fig-

ured specimens reffered to Schübler's species by d'Orbigny

(1850) and Cossmann (1916) in fact belong to E. (E.) lunare

as, most probably, do a number of unfigured specimens dis-

cussed under the latter species. Stefanini's (1939) figured

specimen from the Bajocian of Somalia, referred to E. (E.)

disciforme, exhibits quite pronounced radial Ornament and is

therefore not representative of E. (Entolium). Trautschold's

(1862, pl. 7, fig. 3) figured specimen from the Tithonian of

Russia, referred to 'F. ' demissus, exhibits a large byssal notch

and is probably an exampleof Camptonectes. Tausch's(1890)

unfigured record of Roemer's 'P. ' spathulatus from the Toar-

cian of the S. Alps must be viewed with the same scepticism as

other unillustrated records of E. (E.) corneolum from the

stage. De Loriol's (1881) illustrated record of Roemer's

'P.' vitreus and Staesche's (1926) illustrated record of

Roemer's TV solidus both refer to specimens with rather

pronounced comarginal Ornament which may thus be refera-

ble to £. (E.) orbiculare.

Borissiak and Ivanofi-'s (1917, pl. 1, fig. 4) figure of

TV vitreus depicts a specimen with a slight byssal notch

which is thus not referable to E. (E.) corneolum. In the pre-

sent State of knowledge (see p. 36) it is impossible to say

whether it should be referred to E. (E.) lunare or E. (E.) or-

biculare.

'P. ' subcomatus Roemer from the Bathonian has H/UA (7)

only just within the ränge of E. (E.) corneolum and until the

type material is examined the possibility cannot be entirely

excluded that the divancate hnes on the figure are in fact rep-

resentative of the divaricate Striae of Camptonectes (C.)

laminatus. The fine radial Striae on a syntype of 'P. ' subcing-

ulatus d'Orbigny (MNO3763) from the Oxfordian suggest

that the species is referable to Propeamussium, despite its en-
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tolioid form. However, the syntypes of 'P. ' silenus d'Or-

bigny (MNO2904) are completely smooth and have metric

proportions (8) well within the ränge of E. (E.) corneolum.

The subspecies 'P. ' demissus Gingensis Quenstedt was

erected for a large specimen (GPIT) from the Bajocian of

Gingen (S. Germany) with large, Symmetrie auricles. Apart

from I L/L all metric proportions (9) plot within the ränge of

E. (E.) corneolum and the absence of intermediate sized

speeimens precludes any assessment of whether the large I L /L

(54/88) is the produet of some hitherto undetected allometry

or is indicative of a more profound difference. Topotype

speeimens (identified with a glyph) of which only five are

known (GPIT, GPIG [3], MNS) plot within the ränge of E.

(E.) corneolum projeeted to larger sizes but have strong au-

ricular crura and thick shells (PI. 1, Fig. 27) which may jus-

tify Waagen's (1867) elevation of the subspecies to specific

rank. Waagen erected a further species, 'P'. oblongus, for

forms with large auricles from the Bajocian of Gingen. AI-

though unillustrated it seems quite possible that they are

synonymous with 'P. ' Gingensis, if not with E. (E.) cor-

neolum. Whidborne (1883) recorded a further unfigured

specimen of 'P. ' gingensis from the Northampton Sand Iron-

stone (Aalenian) and also created the variety mutile for forms

of 'P. ' demissus with large auricles. It seems Iikely that they

too are representative of 'P. ' Gingensis. Whidborne's variety

celatus was said to have radiating lines and may therefore be

representative of Propeamussium rather than E. (Entolium).

Thefigureof TV Nicoleti Etallon (Pholotype: Ecolecan-

tonale de Porrentruy [Wannier and Panchaud, 1977]) from

the Kimmeridgian of Switzerland has extremely high H/L and

H/U A ( 1 0) but at least with respect to the latter parameter it is

comparable to the single type of 'P. ' demissus Phillips (1) and

may therefore be no more than a narrow form of E. (E.) cor-

neolum.

'P. ' Pilatensis Favre, from the Oxfordian of Switzerland,

was compared with 'P. ' demissus and 'P. ' vitreus but has

rather strong comarginal Ornament and thus may be represen-

tative of E. (E.) orbiculare rather than E. (E.) corneolum.

The syntypes of 'P'. censoriensis Cotteau (MNSB. 03983;

PI. 1, Fig. 26) from the Oxfordian of the Yonne can only be

distinguished from E. (E.) corneolum by a somewhat low

HAAR/L (11). Sinceonly two speeimens are availableit seems

unwise to regard them as speeifieally distinet. Likewise it

seems improper to separate E. leacbi McLearn on the basis

of a somewhat low H/UA (12) when all other proportions of

the figured specimen are similar to those of typical representa-

tives of E. (E.) corneolum. Metric proportions of 'P.' (£.)

valuuryense Lanquine (13) from the Bathonian of Provence,

are entirely within the ränge of E. (E.) corneolum.

Goldfuss (1836) apparently based his coneept of 'P. ' cmg-

ulatus on a specimen from the Oxfordian figured by Phillips

(1829, pl. 5, fig. 11) as TV sp. The latter possesses a slight

byssal noteh and may be a late representative of E. (E.) lunare

(q. v.). However additional figures of 'P.' angulatus pro-

vided by Goldfuss show no sign of a byssal noteh and are not

dissimilar to E. (E.) corneolum. What may be regarded as

paratypes in the GPIB (610a, 610b) could certainly be taken to

be representatives of E. (E.) corneolum. However, comargi-

nal Ornament is quite strongly developed (PI. 1, Figs. 20, 22)

and this, together with the fact that the example figured in

PI. 1, Fig. 22 has a smooth opposite valve, suggests that the

speeimens may possibly be representative of E. (E.) orbicul-

are (cf. PI. 1 , Fig. 19). Goldfuss cited localities in both the L.

and U. Jurassic for his species, thus his hypodigm could well

have included E. (E.) lunare in addition to one or other of E.

(E.) corneolum and E. (E.) orbiculare. However, d'Orbigny

(1850) subsequently created 'P.' Pbilenor and 'P.' Proeteus

for L. Jurassic forms which he would otherwise have assigned
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to'P. ' cingulatus and, following Stafsche (1926), Cox (1952,

1965) has taken this to imply a restriction of Goldfuss'

hypodigm to U. Jurassic forms. It should be noted in passing

that Dechaseaux (1936) and Troedsson (1951) have applied

Goldfuss' specific name to L. and M. Liassic forms of E.

(Entolium) which are, in consequence of the horizon of de-

rivation, very probably representative of E. (E.) lunare. Ex-

amples of E. (Entolium) from U. Jurassic marls in S. Ger-

many, whence some of Goldfuss' paratypes were derived,

appear to be distinguishable from E. (E.) corneolum (the

E. (Entolium) species usually encountered elsewhere at this

time) by a low UA. However, text fig. 32, in which these

specimens are identified with a double glyph, shows that this

is an illusion created by small size. Nevertheless, certain

specimens collected by WellnhOFER (1964) from marls in the

U. Jurassic of S. Germany probably differ from E. (E.) cor-

neolum in the possession of internal ridges (see p. 36) and it

could be that Goldfuss' paratypes are similarly distinct. The

affinities of Goldfuss' species are thus extremely uncertain

and while it seems likely that most authors would apply the

name cingulatus to specimens referable to E. (E.) corneolum

there remains the possibility for U. Jurassic forms that Gold-

fuss' specific name could be applied to E. (E.) orbiculare or to

the probably separate species with internal ridges. Specimens

figured by Run (1910) and Cox (1965) appear similar to

Wellnhofer's material while specimens referred to E. cing-

ulatum bySTAESCHE(1926), apparently with strong comargi-

nal Ornament, may be representative of E. (E.) orbiculare.

However, unillustrated U. Jurassic specimens referred to

Goldfuss' species by Rollier (191 1), Behmel (1970), Wendt

(1971) and Nitzopoulos (1974) are of completely indetermi-

nate affinities. Since neither the 'species' with internal ridges

nor E. (E.) orbiculare are known definitely to occur before

the U. Jurassic, unillustrated M. Jurassic records of Gold-

fuss' species in Terquem and Jourdv (1869), Botto-Micca

(1893) and Barbulescu (1961, 1971), together with Greco's

(1898) poorly illustrated record, can be ascribed with some

confidence to E. (E.) corneolum. The speeimen (GPlT

4-74-10; PI. 1, Fig. II) figured by Quenstedt (1852) as 'Pec-

ten' cingulatus (aecorded the name 'P.' corntttus by Quens-

tedt in 1858) has extremely extended auricles on the right

valve and in this respect resembles Propeamussium (P.)

laeviradiatum (see however p. 29). It is possible (see p.

41) that some of the specimens referred to d'Orbigny's

(1850) replacement specific name ('P. ' Proeteus) forToarcian

'P.
' cingulatus may belong to E. (E.) corneolum and

Wi ndt's (1971) record from the Aalenian and Bajoeian of Sic-

ilv almost certainly refers to the latter species.

'P. ' Renevieri Oppel was erected for an unfigured speei-

men from the Bajoeian of S. Germany said to generally re-

semble 'P. ' cingulatus but to differ by stronger comarginal

Ornament. The density of the latter (12 per half inch) is proba-

bly too high to suggest that 'P. ' Renevieri is an exceptionally

early representative of E. (E.) orbiculare and a speeimen

(GPIT) from the same stage and region, referred to Oppel's

species by Staesche (1926), appears to be a form of E. (E.)

corneolum in which growth has been periodically halted, re-

sulting in a regulär arrangement of strong growth lines.

'P.' Phillipsii Voltz proposed, like 'P. ' cingulatus Gold-

, for 'P. ' sp. Phillips and applied to unfigured Bathonian

specimens from E. France, is almost certainly referable to E.

(E.) corneolum. It should be noted that Voltz's species (pub-

lished in 1 833) becomes a senior objeetive synonym of Gold-

i uss' species if the latter is taken to include the original of

'P.' sp. Phillips (see above). It should be further noted that

following the ambiguous Statement in Goldfuss many au-

thors (e. g. Quenstedt, 1852; Terquem and Jourdy, 1869;

Greco, 1898) have incorrectly ascribed the authorship of

'P. ' cingulatus to Phillips (1829).

In the interests of brevity unfigured secondary records of

synonymous and probably synonymous species which are of

no relevance to Sections 4-10 are exeluded from the

synonymy. They may be found in the following works: for

'P.' corneolus, Channon (1950); for 'P.' denussus, Bean

(1839), Quenstedt (1843), d'Orbigny (1850), v. Seebach

(1864), Schlippe (1888), Paris and Richardson (1916), Roman

(1926), Barbulescu (1971); for 'P.' discijormis, v. Buch

(1839), Oppel (1858),, v. Seebach (1864), Waagen (1867),

Denincer (1907), Lanouine (1929), Barbulescu (1961); for

'P.' vitreus, de Loriol (1894, 1901, 1904), Sokolov and

Bodylevsky (1931); for 'P.' solidus, d'Orbigny (1850), Ar

kin (1926); for 'P.' spatbulatus, Terquem and Jihku-i

(1869), Barbulescu (1971); for 7>.
' silenus, Forsich (1971);

for 'P. ' Gingensis, Deninger (1907), Lanouine (1929); for

'P.' Renevieri, Rollier (1911), Forsich (1971); for

'P.' Nicoleti, Siemiradzki (1893); for 7V Valauryense, De

chaseaux (1936).

5. STRATIGRAPHIC RANGE

The earliest records of E. (E.) corneolum are provided by

six specimens (GPIG) from the Toarcian of Esch, Luxem-

bourg which lack a byssal noteh, have high H/UA ratios and

exhibit the large auricles (PI. 1 , Fig. 25) typical of the species.

From the ironstone matrix it is reasonable to conclude that the

specimens are derived from the U. Toarcian strata in the area.

A speeimen (GPIG) from the same horizon at Heiningen,

S. Germany has the ovate form more characteristic of E. (E.)

corneolum than E. (E.) lunare while two specimens from the

U. Toarcian of Somerset (BM L42004, L74597) and a further

speeimen from undifferentiated Toarcian in Warwickshire

(BM 66789) have the high H/UA ratios typical of E. (E.) cor-

neolum. A number of poorly preserved specimens from un-

differentiated Lias in S. America (GPIG) have a narrow form

highly reminiscent of E. (E.) corneolum. Specimens from the

Toarcian which have poorly preserved auricles and which

therefore cannot confidently be assigned to a species are pre-

fixed by a question mark in text fig. 32. Bibliographie records

from the Toarcian of species which are considered herein to be

synonymous with E. (E.) corneolum are all equivocal (see

Section 4). However, it is perhaps worth notingthat Dumor-

iii k's (1869) and Behmel and Geyer's (1966) citations are of

specimens from the Bifrons Zone (L. Toarcian).

E. (E.) corneolum becomes common and locally abundant

in the Aalenian and continues thus until the uppermost Juras-

sic (Trautschold, 1862; de Loriol and Pellat, 1875; Yin,

1931; PKilian and Guebhard, 1905). Specimens from the

U. Volgian of Moscow (GPIG; Borissiak and Ivanoff, 1917)

probably indicate that E. (E.) corneolum survived into the

Cretaceous.
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Text f ig. 36: Entolium (E.) corneolum - European distribution.

6. GEOGRAPHICRANGE

Unequivocal Toarcian records of E. (E.) corneolum are re-

stricted to Europe (text fig. 36) and the same may also be true

in the Aalenian; Wandel's (1936) recordfrom that stagein the

E. Indies being of an unfigured specimen which was merely

compared with Phillips's synonym ('P. ' demissus) of E. (E.)

corneolum. Subsequently the species spread to many parts of

the world resulting, by the U. Jurassic, in a palaeolatitudinal

ränge approaching 100° (text fig. 37). Outside Europe E. (E.)

corneolum is, however, only known to be common in the Ba-

jocian of the Andes (Tornquist, 1898) and the Oxfor-

dian/L. Kimmeridgian of E. Greenland (Späth, 1935) and

the species is notably absent from the U. S. Western Interior

where the reduced diversity fauna, in which Camptonectes is

the only commonpectinid, is suggestive of high environmen-

tal stress (Hallam, 1975a). McLearn's (1924) record of com-

mon specimens from undifferentiated Jurassic in Alberta may

well be from the Callovian, bearing in mind Frebold's (1957)

use ofMcLrARN's synonym (E. leacbi) of E. (E.) corneolum

for specimens from that stage.

7. DESCRIPTION OF ECOLOGY

E. (E.) corneolum first occurs commonly in the chamosite

oolites of the Northampton Sand Ironstone (Aalenian;

Opalinum zone) where it reaches a maximum height of

53 mm(author's collection) and is associated with a diverse

bivalve fauna (see p. 26) including Propeamussium (P.)

pumilum but lacking P. (P.) laeviradiatum. In a similar

sedimentary and faunal association in the Murchisonae zone

of S. Germany E. (E.) corneolum is abundant and reaches a

maximum height of 58 mm(GPIT) while in the Aalenian of

Lorraine the species is common in chamosite oolites of the

Opalinum zone and reaches a maximum height of 90 mm
(NM) in ironshot Sediments probably of the Concavum zone.

E. (E.) corneolum occurs in avarietyoflimestones (including

Text fig. 37: Entolium (E.) comeohnn - World distribution (Callovian reconstruction).
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those bearing corals [Channon, 1950]) in the Aalenian of the

Cotswolds (reaching a maximum height of 49 mm[OUM

J34471]) andnear Yeovil it occurs commonly in ironshot ool-

ites. In similar Sediments in Provence E. (E.) corneolum

reaches a maximum height of 74 mm(Lanquine, 1929).

In the L. Bajoeianof S. Germany E. (E.) corneolum attains

a maximum height of 40.5 mm(GPIT) and is particularly

abundant in the Blaukalke, a sandy limestone (Staesche,

1926). Specimens from theSowerbyi-Banke which are refera-

ble to the possibly synony mous species 'P. ' Gmgensis Quen

stedt (see Section 4) attain a maximum height of 87 mm
(GPIT) but specimens which are definitely referable to £. (E.)

corneolum attain a maximum height of 90 mm(YM 531) in

the contemporaneous Millepore Bed, a sideritic sandstone in

Yorkshire (fauna p. 123). Only one specimen (GPIG) is

known from the relatively restricted fauna (indicative of

lower environmental stability) in the somewhat later Scar-

borough Beds of the same area. In the L. Bajocian of E.

France E. (E.) corneolum occurs quite frequently in inter-reef

biosparites and biomicntes (Hallam, 1975b).

In the U. Bajocian of S. Germany the species is reported to

be abundant (Staesche, 1926) and reaches a maximum height

of 41 mm(GPIT). It is also common in Condensed ironshot

oolites in Normandy while contemporaneous specimens

from limestones in the Cotswolds are common and attain a

maximum height of 71 mm(BM LL15). The species is re-

ported to be common in Bajocian dolomitised oolites in the

Maritime Alps (Kilian and Guüebhard, 1905).

Records of common L. Bathonian specimens of E. (E.)

corneolum are restricted to the Mäconnais (Lissajous, 1923)

and the species is not known to be common again until the

uppermost Bathonian (Discus zone) when it is found in the

shell fragment limestones of the L. Cornbrash in England

(fauna p. 128), attaining a maximum height of 55 mm(OUM

J7135). All the specimens cited by Cox and Arkell (1948)

from the marginal marine facies of the Bathonian in central

England appear to be representatives of Camptonectes (M. J.

Bradshaw, pers. comm., 1977) and the majorityof Bathonian

records of E. (E.) corneolum are in fact concentrated in cen-

tral and southern Europe (text figs. 36, 37).

In the L. Callovian (Macrocephalus zone) E. (£.) cor-

neolum is abundant in the chamosite oolith-bearing lime-

stones of the U. Cornbrash in Yorkshire and attains a max-

imum height of 55 mm(SbM H 73.4). In the immediately

overlying Shales of the Cornbrash the species is reported to be

abundant (J. Wright, 1977) but all specimens discovered by

the author have been small (H: <30). In the same area similar

specimens (H max : 36.5; BM47433) are fairly common in the

low diversity benthic fauna (see p. 208) of sandstones form-

ing the Kellaways Rock (Calloviense zone) and chamosite

oolites forming the Hackness Rock (U. Callovian; Athleta

and Lamberti zones) both of which were probably deposited

very near shore (J. Wright, 1978). Small specimens also oc-

cur in the more basinal non-bituminous shales of the L. and

M. Callovian in E. Scotland and U. Callovian ofE. England

(Duff, 1978). However, in the predominantly bituminous

shales of the L. and M. Callovian in the latter area E. (E.) cor-

neolum is not only small but is restricted to a subordinate role

in shell beds which contain, in comparison to contiguous de-

posits, a relatively high proportion of Suspension feeding

bivalves (Duff, 1975). Kilian and Guebhard (1905) report the

species as common in thin-bedded limestones contaimng

numerous Suspension feeding bivalves in the Callovian of

S. France while Lewinski (1908) reports commonexamplesin

marls of the same age in Poland.

Roeder (1882) reports common E. (E.) corneolum in the

L. Oxfordian 'Terrain ä Chailles' of Alsace (fauna pp. 88, 208)

and Perons (1905) record of common Oxfordian specimens

from the same area may well be from this horizon rather than

the coral-bearing limestones of the U. Oxfordian. However,

the latter facies seems to support fairly common £. (E.) cor-

neolum in the Swiss Jura (de Loriol, 1893) where the species

reaches a maximum height of 77 mm(de Loriol, 1895). Simi-

lar Sediments in the Oxfordian of N. Germany (Roemer,

1836) and England (Arkell, 1930a; Brookfield, 1978) also

contain E. (E.) corneolum up to a maximum height of 80 mm
(YM 560). However the species is not particularly common,

forming no part of the trophic nuclei of any of Fürsich's

(1977) faunal associations, and according to Arkell (1928) it

is largely restricted to inter-reef biosparites. Specimens from

Oxfordian marls and biomicrites in S. Germany reach a max-

imum height of only 21 mm(GPIT) but if Nitzopoulos'

(1974) Information is taken to refer to E. (E.) corneolum (see

Section 4) the species is fairly common in an otherwise sparse

benthic fauna. In similar Sediments in the Kimmeridgian of

the same area E. (E.) corneolum attains a maximum height of

28.5 mm(GPIT) but here, as in other occurrences in the

stage, there is no evidence of anything more than a few speci-

mens although the species is widespread (text fig. 36). An iso-

lated specimen from unknown facies in Russia has a height of

45 mm(BM L4170). E. (E.) corneolum is absent from Ox-

fordian sands in Normandy, (Chavan, 1952), together with

Kimmeridgian marls in N. W. Germany (Huckriede, 1967)

and limestones in Poland (Alth, 1882) where the presence of

eury haline bivalve genera and paucity of ammonites is sugges-

tive of abnormal salinities. By contrast, in the L. Tithonian

ammonite-bearing marly limestones of the last area £. (£.)

corneolum is very common (Lewinski, 1923). In the

M. Tithonian (Pectinatus zone) near Oxford £. (E.) cor-

neolum is also very common, reaching a maximum height of

57 mm(OUMJ 145 19). Many specimens have somewhat low

H/UA ratios as in the co-occurring Camptonectes (C.) au-

ritus. E. (E.) corneolum occurs with £. (E.) orbiculare in the

U. Jurassic of Moscow (GPIG) and Spitzbergen (Sokolov

and Bodylevsky, 1931).

The wide variety of Sediments in which £. (E.) corneolum

is found in large numbers, of which all known European ex-

amples are described above, is also occupied by somewhat

fewer individuals at many other horizons in the M. and U.

Jurassic. However, the low diversity faunas of basinal argil-

laceous Sediments in the peri-Mediterranean region do not

appear to contain £. (E.) corneolum except possibly in the

U. Jurassic of E. Spain where Behmel (1970) records as the

most common fossil the questionably synonymous species £.

cingulatum (see Section 4). All other records from the region

are either from faunally rieh neritic facies or from somewhat

reduced diversity, Condensed, fine-grained swell facies where

the species seems to be small in size (e. g. Botto-Micca,

1893).



55

8. INTERPRETATION OF ECOLOGY

If assessed in terms of its abundance it is clear from Section

7 that E. (E.) corneolum was a remarkably eurytopic species

with respect to Substrate. Certain clay-grade sequences where

the low density and diversity of other Suspension feeding

bivalves is indicative of high turbidity or soupy Substrates

seem to have constituted the only unfavourable environments

and even these E. (E.) corneolum may have been able to col-

onise in large numbers locally. However, if assessed in terms

of its size it is clear that expanded sequences of argillaceous

Sediments did not provide the most suitable Substrates for E.

(E.) corneolum, individuals from such facies being always

smaller than those from contemporaneous deposits of

arenaceous grade. In the latter the large size of specimens

from sequences where the precipitation of siderite and

chamosite is indicative of slow Sedimentation suggests that the

development of firm Substrates and low turbidity was condu-

cive to rapid growth and the attainment of large size. Further

support for the importance of the last factor is provided by the

occurrence of large specimens in arenaceous Sediments close

to coral reefs, the growth of which is inhibited by high turbid-

ity. The high environmental energy associated with arenace-

ous Sedimentation was, by the evidence of the reduced size of

specimens from expanded compared to contemporaneous

Condensed sequences, apparently insufficient on its own to

promote rapid growth. In fact, the relatively reduced H/UA
of specimens from an expanded sand sequence in the

M. Tithonian suggests that growth was actively retarded in

such sequences. In the lack of any M. Tithonian occurrences

of E. (E.) corneolum from Condensed facies, it is impossible

to rule out the possibility that the H/UA decrease is a phyletic

effect (see Section 10). However, the parallel change in the

ecologically distinct but co-occurring Camptonectes (C.) au-

ritus argues strongly for stunting. The relative abundance of

medium to small specimens in this and other expanded

arenaceous and argillaceous sequences need not be viewed as

evidence against stunting (see p. 124 and Hallam, 1965).

In contrast to its considerable Substrate eurytopy E. (E.)

corneolum seems to have been unable to tolerate environ-

ments where the low faunal diversity is indicative of abnormal

salinity or the more general instability of marginal marine

situations. Sequences which were largely deposited under

conditions of reduced oxygen tension were only colonised,

and then rarely, at horizons where the development of shell

beds suggests a bnef replacement of stagnant by more acitve

and oxygenated conditions.

There is no evidence for any competitive reaction with the

morphologically very similar species E. (E.) orbiculare, nor

with Propeamuisium (P.) pumilum and P. (P.) nonarium.

However E. (E.) corneolum is very rarely found with P. (P.)

laeviradiatum despite the favourability for the former species

of the Condensed facies to which the latter is restricted. It

seems likely that a similar mode of life (see Section 9) may

have led to mutual competitive exclusion.

Very dose Recent morphological analogues of E. (E.) cor-

neolum are described on p. 45).

9. FUNCTIONALMORPHOLOGY

Apart from the absence of a byssal notch E. (E.) corneolum

is in all relevant aspects of morphology identical to E. (E.) lu-

nare. A similar mode of life, differing only by the lack of a

byssate juvenile phase, can therefore be inferred (see p. 45).

E. (E.) corneolum has a lower rate of increase in umbonal

angle so swimming abihty may have been somewhat impaired

at large sizes. The small maximum size of individuals colonis-

ing soft argillaceous Substrates is adaptive in that it minimises

sinking into the Substrate. Stunting, with its implication of in-

adaptiveness, may therefore be an inappropriate term to apply

to the development of small size in such environments (see

Section 8).

10. ORIGINS AND EVOLUTION

E. (E.) lunare is the only known candidate for the ancestor

of E. (E.) corneolum in the Jurassic. All the differences dis-

played by the latter species can be explained by the hetero-

chronic alteration of the ontogeny of the former. However,

simultaneous retardation (for H/L, I R/L, HAA/L and AH/L)

and acceleration (for H/UA and the lack of a byssal notch) of

the development of the components of shape with respect to

size would have to be invoked and it is by no means certain

whether such a Situation could arise in a single speciation ev-

ent. It may be that an as yet undetected species is the direct an-

cestor of E. (E.) corneolum.

The undoubted existence of ecophenotypic Variation in size

and the lack of adequate collections from any one facies

throughout the stratigraphic ränge of E. (E.) corneolum

makes for great difficulty in assessing phyletic changes in size.

Specimens lumped together from all arenaceous facies exhibit

an overall, albeit oscillatory, decrease in size from 90 mm
(Aalenian) to90 mm(L. Bajocian) to 71 mm(U. Bajocian) to

55 mm(U. Bathonian) to 55 mm(L. Callovian) to 80 mm
(Oxfordian) to 57 mm(M. Tithonian) and this is corrobo-

rated, for at least part of the stratigraphic ränge, by a consis-

tent reduction in size in Condensed arenaceous facies from the

Aalenian to the L. Bajocian to the L. Callovian (values as

above). The reduced H/UA observed in some M. Tithonian

specimens may not extend to other populations and so cannot

definitely be considered as a phyletic effect, especially in the

light of a plaubsible alternative explanation in terms of re-

duced growth rate (see Section 8).

Entolium (Entolium) orbiculare (J. Sowerby 1817)

PI. 1 , Fig. 19; text figs. 38-42

Synonymy

1817 Pecten orbicularis sp. nov; J. SOWERBY,p. 193,

pl. 86.

? 1829 Pecten sp; PHILLIPS, pl. 5, fig. 11.

pv? 1836 Pecten angulatus sp. nov; GOLDFUSS,p. 74, pl. 99,

figs. 3.i, 3b.

? 1837 Pecten concentricus sp. nov; KOCHand DUNKER,

p. 43, pl. 5, fig. 8.

v*? 1840b Pecten partitus sp. nov; J. DE C. SOWERBY,p. 328,

pl. 22, figs. 5, 5a.

1843 Pecten nummularis sp. nov; G. FISCHER, p. 135,

pl. 5, fig. 4.

(?) 1850 Pecten partitus J. DE C. SOWERBY,D'ORBIGNY,

v. l,p. 342.

1850 Pecten nummularis G. FISCHER; D'ORBIGNY, v. 1,

p.373.
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3. AMENDEDDESCRIPTION

Essentially very similar to E. (E.) corneolum. Differing

only by the diagnostic comarginal grooves (see Section 2)

which are situated at intervals of between 1 and 4 mm(Kelly,

1977), by the smaller maximum height (54 mm; IGS R. 27/06)

and by the somewhat lower mean H/L, H/UA and I/L (text

figs. 38-40).
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Text fig. 39: Entolium (E.) orbiadare - intersinal distance/length.

4. DISCUSSION

The earliest specific name erected for the species described

in Section 3, 'Pecten' orbicularis J. Sowerby, was founded on

a Cretaceous specimen and most subsequent records of

J. Sowerby's species have been from that period. For

synonymy lists of Cretaceous E. (E.) orbiculare and

synonymous species, reference should be made to Dhondt
(1971) and Kelly (1977).

The figure of TV nummularis G. Fischer depicts a shell

which lacks the comarginal grooves diagnostic of E. (E.) or-

biculare. However, the description specifies such Ornament

thus the figure probably illustrates the smooth left valve of the

latter species. Only Jurassic records of G. Fischer's species

are included in the synonymy. Cretaceous records may be

traced through Dhondt (1971) and Kelly (1977). It should be

noted that some subsequent authors (e. g. d'Orbigny, 1850;

Zakharov, 1966) have attributed 'P.' nummularis incor-

rectly to Phillips while Sokolov and Bodylevsky (1931) have

attributed the name to d'Orbigny.

The figure of 'P. ' concentricus Koch and Dunker, from

the Kimmeridgian/Tithonian of N. Germany, depicts a

specimen lacking a byssal notch and with strong comarginal

ornament as in E. (E.) orbiculare. However, H/L and H/UA
(1) are extremely high and although this could be due to bad

drawing, the fact that v. Seebach (1864) and Behrendsen

(1891), both of whommay well have examined the type mat-

erial, have attributed specimens with radial ornament to

'P. ' concentricus, suggests that Koch and Dunker's figure is

more probably of a left valve of Camptonectes (Campto-

chlamys) obscurus.

J. deC. Sowerby's (1840b) figures of 'P.' partitus from the

probable Callovian (Cox, 1952) of Cutch (India) reveal quite

strong comarginal ornament, as in the right valve of E. (E.)

orbiculare. However, the syntypes (BM R. 9960) do not ex-

hibit such ornament and although one has I/L (2) within the

ränge of E. (E.) orbiculare they are too poorly preserved to be

specifically determinate. Cox (1952) has figured topotype

specimens which show comarginal grooves similar in form to

those of E. (E.) orbiculare but the apparent lack of smooth

valves suggests that they comprise both right and left valves of

a species which, unlike E. (E.) orbiculare, is comarginally or-

namented on both valves (cf. 'Syncyclonema' masticonense
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below). Hayami's (1972) record of a form from the Toarcian

of Vietnam havingaffinities with J. deC. Sowerby's species is

based on a specimen which is too poorly preserved to be spec-

ifically determinate.

'P.
'

polylasmites Gemmellaro and Di Blasi from the Titho-

nian of Sicily was founded on two specimens with regulär

comarginal Ornament and no byssal notch. Both were said to

be left valves but if this is the case the figure indicates that PH
must be greater than AH, a Situation unknown in other pec-

tinids. It seems much more likely that the specimens are right

valves which are thus very similar in Ornament to the corres-

ponding valve of E. (E.) orbiculare. Metrie proportions (3)

are indistinguishable.

'P. ' (E.) theodosianus Retowski from the Tithonian of the

Crimea is reported to be known only from left valves thus the

strong comarginal ornament of the figured specimen cannot

indicate any relationship with E. (E.) orbiculare. However,

since Retowski states that a byssal notch is absent in his

species right valves must have been available and it is thus pos-

sible that the comarginal ornament is limited to these speci-

mens as in E. (E.) orbiculare. Nevertheless, H/UA (4) of the

figure is somewhat low for the latter species.

'P. ' (E.) erraücus Fiebelkorn and 'P. ' (E.) gothicus Kraus)

from the German Kimmeridgian both have the comarginallv

grooved right valve of E. (E.) orbiculare. I/L (5) of the figure

of the former is somewhat high but this could be due to inac-

curate reproduetion. H/L and H/UA are indistinguishable

from E. (E.) orbiculare.

The figure of 'Chlamys' ('Syncyclonema') Briconemis

Cossmann; Cossmann (1912) from the Callovianof France re-

veals strong comarginal ornament, as in the right valve of E.

(E.) orbiculare, but the description speeifies unequal auncles,

which may serve to differentiate the species. Unfortunately

the degree of auricle asymmetry cannot be assessed because of

the poor preservation of the figured specimen. Cox's (1965)

record of Cossmann's species from the same horizon in E. Af-

rica is based on a similarly poorly preserved specimen. G iss

mann's original description and figure ( 1907c) has proved im-

possible to trace. The auricles of 'S. ' masticonense Lissajous,

a species from the U. Bajocian and L. Bathonian of France

which was compared with Cossmann's species, are somewhat

better preserved and seem to be entolioid in form. The comar-

ginal ornament of the right valve is indistinguishable from that

of E. (E.) orbiculare but that of the left valve, said to consist

of lamellose comarginal Striae, may serve to differentiate the

species.

The questionably synonymous species 'P.' cingulatus

Goldfuss (and secondary references thereto) is discussed un-

der E. (E.) corneolum.

The remaining questionable references listed in synonymy

are discussed under E. (E.) corneolum (for Favre, 1876; de

Loriol, 1881; Staesche, 1926) and E. (E.) lunare (for Phil-

lips, 1829; Lindstrom, 1866; Lundgren, 1883, 1895; Boris-

siak and Ivanoff, 1917; Duff, 1978).

5. STRATIGRAPHIC RANGE

Kit i y (1977) states that specimens from the Kimmeridgian

(e. g. IGS Y1624, Y1625; GPIG; MNR; Fiebelkorn, 1893;

Krausf, 1908; Sokolov and Bodylevsky, 1931; Zakharov,

1966, 1974) constitute the earliest records of E. (E.) orbicul-

are. In fact, Sokolov and Bodylevsky (1931) record the

species from the Oxfordian of Spitzbergen, d'Orbigny (1850)

records it from the Oxfordian of various localities in France

and Russia and univalved comarginally grooved museum

specimens from the same stage in England (BM L66462),

Germany (GPIG) and France (MNS) probably constitute

further records of the species. Bibliographie records in Phil

lips (1829), Favre (1866), Nicolis and Parona (1885), Rol-

lier (1911), Staesche (1926), Behmel (1970), Wendt (1971)

and Nitzopoulos (1974) may also refer to Oxfordian exam-

ples of E. (E.) orbiculare (see Section 4). Earlier records (in

the Callovian: J. de C. Sowerby, 1840; d'Orbigny, 1850;

Cossmann, 1912; Cox, 1952, 1965; Duff, 1978; in the Bajo-

cian and Bathonian: Lissajous, 1923; Dechaseaux, 1936; in

the Toarcian: Hai \\u, 1972) are restricted to questionably

Text fig. 41: Entolium (E.) orbiculare - European distribution.
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Text fig. 42: Entolium (E.) orbiculare - World distribution (Tithonian reconstruction)

synonymous species and until pre-Oxfordian bivalved speci-

mens with smooth left valves and comarginally ornamented

right valves are discovered it is probably best to say that the

first appearanceof E. (E.) orbiculare isintheU. Jurassic. Itis

possible that another species with comarginal grooves on both

valves may have existed in the M. Jurassic (see Section 4).

In the Oxfordian and Kimmeridgian E. (E.) orbiculare is

only known to be common in Spitzbergen (Sokolov and

Bodylevsky, 1931). Subsequently in the Jurassic it is not

known to be common anywhere. Kl 1 1\ (1977) reports the

species as abundant in the M. Volgian (~ M. Tithonian) to

Ryazanian (Cretaceous) of E. England and Dhondt (1971)

states that E. (E.) orbiculare is known until the Turonian.

6. GEOGRAPHICRANGE

The distribution of E. (E.) orbiculare in the Jurassic is dis-

tinctly Boreal with no certain records south of a

palaeolatitude of about 25°N (text figs. 41, 42).

contains a higher proportion of byssate and cemented bivalves

indicating deposition under lower energy conditions, E. (E.)

orbiculare constitutes only 28%of the total fauna. The max-

imum height attained in the sequence is 55 mm(IGS R27/06).

8. INTERPRETATION OF ECOLOGY

The variations in abundance of E. (E.) orbiculare in the

Spilsby and Sandringham Sands suggest that the species

favoured high energy environments. However, the relatively

greater abundance in coarse, high energy sands could

merely be due to post-mortem winnowing out of small ele-

ments of the fauna to leave concentrations of E. (E.) orbicul-

are in such Sediments. By adopting a view that the species

was, in fact, eurytopic with respect to environmental energy

the otherwise anomalous occurrence of E. (E.) orbiculare in

black shales in Spitzbergen is reasonably explained.

There is no evidence of any competitive reaction between

E. (E.) orbiculare and E. (E.) corneolum.

7. DESCRIPTION OF ECOLOGY

In Spitzbergen, Sokolov and Bodylevsky (1931) record

common E. (E.) orbiculare in association with E. (E.) cor-

neolum in U. Oxfordian to L. Kimmeridgian black shales. In

E. Greenland Späth (1936) records E. (E.) orbiculare with a

height of 42.5 mmfrom U. Tithonian ('Portlandian') glauco-

nite sands and similar Sediments are probably the source of a

number of specimens from the L. Volgian (~L. Tithonian)

of the Moscow area where E. (E.) corneolum also occurs. Ac-

cording to Kelly (1977) the same sedimentary facies is domi-

nated by E. (E.) orbiculare in the Spilsby and Sandringham

Sands (M. Volgian to Ryazanian) of E. England. Current

aligned specimens in the stable, convex up, position consti-

tute between 5 1 and 57%of the total fauna. In the remainder,

the deep burrowing bivalves Pleuromya and Pholadomya are

quite common elements. In finer grained sands whose fauna

9. FUNCTIONALMORPHOLOGY

Since E. (E.) orbiculare is in all important aspects of mor-

phology identical to E. (E.) corneolum a similar reclin-

ing/swimming mode of life can be inferred. The development

of pronounced comarginal Ornament on the right valve ex-

terior represents, at least in the high energy environments oc-

cupied by the species (see Section 8), an improved adaptation

for reclining since it increases purchase on the Substrate and

thereby promotes stability.

10. ORIGINS AND EVOLUTION

The most obvious ancestor for E. (E.) orbiculare is E. (E.)

corneolum. However, it should be borne in mind that a sec-

ond species, morphologically very similar to E. (E.) orbicul-

are, may have existed in the M. Jurassic (see Section 4) and
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been a more direct ancestor of E. (E.) orbiculare. Except for

H/L, the slight differences in the metric proportions of E.

(E.) orbiculare in comparison with E. (E.) comeolum (see

Section 3) cannot be explained by heterochrony as the latter

species displays little allometry in the relevant features.

The available data on maximum height (42.5 mm: 'Port-

landian', 54 mm: M. Volgian-Ryazanian) is not sufficiently

localised in a stratigraphic sense to allow any assessment of

possible phyletic changes.

Genus PSEUDOPECTENBayle 1878

Type species. M; Bayle 1878, pl. 21, fig. 1; Pecten

equivalvis]. Sowerby 1816, p. 83, pl. 136, fig. 1; U. Pliens-

bachian, Avallon, E. Paris Basin.

AMENDEDDIAGNOSIS

Nearly equivalve to clearly inequivalve; between 12 and 27

radial plicae which are nearly smooth or with spines on RV.

L. Jur.-M. Jur., Eu., N. and S. Am., E. Indies.

D1SCUSSION

In his diagnosis Hertlein (1969: N372) stated that

Pseudopecten was nearly equivalve; Ps. (Echinopecten) bar-

batus is, however, distinctly inequivalve. Hertlein stated

that about 1 5 or 16 plicae were present; text fig. 43 shows that

there is at least a ränge between 12 and 27 plicae. Hertlein ex-

cluded N. America from the geographic ränge; the latter con-

tinent can now be included on the basis of the results of work

presented herein.

Subgenus PSEUDOPECTENs. s.

AMENDEDDIAGNOSIS

Plicae on right valve smooth or some with spines; nearly

equivalve. L. Jur.-M. Jur. (Hettang.-Bajoc), Eu., N. Afr.,

N. and S. Am.

DISCUSSION

Hertlein (1969: N372) omitted any reference to convexity

in his diagnosis, which consequently does not exclude

Ps. (Echinopecten). He erroneously limited the stratigraphic

ränge to Sinemurian - Domerian and the geographic ränge to

Europe.

Within Ps. (Pseudopecten) two groups may be distin-

guished by the presence or absence of high, vertically striated

disc flanks and comarginal Striae which tongue down the sul-

ci. Forms possessing these features usually have between 16

and 20 plicae (text fig. 43). However 2 specimens with 13

plicae are known to possess these features and it seems ex-

tremely likely that forms with between 12 and 15 plicae, most

of which are poorly preserved, also possessed them original-

ly. This group has a bimodal plical frequency distribution

withpeaks at 14 and 17/18 plicae. Such a distribution is herein

considered to be indicative of two species named, respective-

ly, Ps. (Ps.) veyrasensis and Ps. (Ps.) dentatus. However, the

possibility cannot be entirely discounted that it is indicative of

a single Polymorphie species. Apart from the number of

plicae, forms with between 12and 15 plicae are virtually indis-

tinguishable from those with between 16 and 20 plicae. How-

ever, in spite of close ecological similarities the two groups are

not congruent stratigraphically (see pp. 79, 75) and this is

most easily interpreted as the result of a specific difference in

the absence of more positive proof for polymorphism.

60-

1.0-

20-

forms with hiqh, vertically

striated disc flanks etc

forms without above
features (see text

Text fig. 43: Pseudopecten (Pseudopecten) - frequency distribution for number of plicae.
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Forms without high, vertically striated disc flanks and

comarginal Striae which tongue down the sulci have between

16 and 27 plicae (mode 22) and are herein referred to Ps. (Ps.)

equivalvis. Differences in size, umbonal angle and angularity

of the plicae in forms referred to this species can be confi-

dently ascribed to ontogenetic and ecophenotypic Variation

(see pp. 64, 71).

Pseudopecten (Pseudopecten) equivalvis (J. Sowerby 1816)

PI. 2, Figs. 1, 2, 4-10, ?Fig. 3; text figs. 44-58

Synonymy

v 1816 Pecten equivalvis sp. nov; J. SOWERBY, p. 83,

pl. 136, fig. 1.

Pecten acuticosta sp. nov; LAMARCK,p. 180.

Pectinites priscus sp. nov; SCHLOTHIIM, p. 222.

Pecten sublaevis sp. nov; Young and Bird, p. 234,

pl. 9, figs. 9, 10.

Pecten major sp. nov; YOUNGand BlRD, p. 235.

Pecten acuticostatus LAMARCK; V. ZlETEN, p. 70,

pl. 53, figs. 6a, 6b.

Pecten aequivalvis J. SOWERBY;V. ZlETEN, p. 68,

pl. 52, figs. 4a. 4b.

Pecten costatulus sp. nov; HARTMANNin V. ZlE-

TEN, p. 68, pl. 52, figs. 3a, 3b.

Pecten aequivalvis J. SOWERBY;GOLDFUSS,p. 43,

pl. 89, fig. 4.

Pecten priscus SCHLOTHEIM; GOLDFUSS, p. 43,

pl. 89, fig. 5.

Pecten acutiradiatus sp. nov; MONSTERin GOLD-
FUSS, p. 44, pl. 89, figs. 6a-c.

Pecten aequivalvis J. SOWERBY;ROEMER,p. 67.

Pecten acuticosta sp. nov; ROEMER,p. 68.

Pecten lugdunensis sp. nov; MlCHILlN in Li Y

MERIE, pl. 24, fig. 5.

Pecten aequivalvis J. SOWERBY;D'Orbigny, v. 1,

p.237.

Pecten priscus SCHLOTHEIM; D'ORBIGNY, v. 1,

p.238.

Pecten cephus sp. nov; D'ORBIGNY, v. 1, p. 238.

Pecten acuticosta LAMARCK; D'ORBIGNY, v. 1,

p. 257.

Pecten acutiradiatus MONSTER;D'ORBIGNY, v. 1,

p. 257.

Pecten acutiradiatus MONSTER; Schafhautl,

p. 410.

Pecten acuticosta LAMARCK; VERNEOIL and COL-

LOMB, p. 112.

Pecten aequivalvis J. Sowerby; Bronn,
pl. 19, fig. 4.

Pecten priscus SCHLOTHEIM; Qoenstedt,

pl. 40, fig. 42.

Pecten acuticosta LAMARCK;CHAPOISand DEWAL-
QOE, p. 211, pl. 31, figs.3a-c.

Pecten aequivalvis J. SOWERBY;CHAPOISand De-

WALQOE,p. 212, pl. 32, fig. 1.

Pecten aequivalvis J. Sowerby; Oppel, p. 77,

pl. 4, fig. 11.

Pecten priscus SCHLOTHEIM; OPPEL, p. 78, pl. 4,

fig. 10.

Pecten aequivalvis J. SOWERBY;Oppel, p. 181.

Pecten sublaevis YOUNGand BlRD; Oppei , p. 181

.

Pecten priscus SCHLOTHEIM; OPPEL, p. 181.

Pecten aequalis sp. nov; QuENSTEDT, p. 78, pl. 9,

fig. 13.

1858 Pecten aequivalvis J. SOWERBY; QUENSTEDT,

p. 183, pl. 23, fig. 1.

1860 Pecten aequivalvis J. SOWERBY;COQOAND,p. 62.

1863 Pecten priscus SCHLOTHEIM;SCHLÖNBACH,p. 542.

1819
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1926 Aequipecten aequivalvis (]. Sowerby); StaeS( Hl

p.51.

1926 Chlamys aequivalvis (]. SOWERBY); ROMAN

p. 113.

1929 Pecten (Pseudopecten) acutkosta LAMARCK; Lan

QUINE, p. 130.

1929 Pecten (Pseudopecten) priscus SCHLOTHEIM; Lan

QUINE, p. 131.

1932 Pecten (Aequipecten) aequivalvis J. SOWERBY

Tzankov and BONCEV, p. 231.

1935 Chlamys sendelbachensis sp. nov; KUHN, p. 470

pl. 18, Fig. 32.

1936 Aequipecten priscus (Schlotheim); Kühn, p. 24S

pl. 9, fig. 6.

1936 Aequipecten acutkosta (LAMARC k); KüHN,p. 248

pl. 12, fig. 46.

1936 Aequipecten aequivalvis (J.
SOWERBY); KÜHN

p. 248, pl. 10, fig. 19, pl. 13, fig. 24.

1936 Aequipecten maximiliani sp. nov; Kühn, p. 249

pl. 11, figs. 3a, 3b.

1936 Pseudopecten acutkosta (Lamarck); DeCHAS

EAUX, p. 59.

1936 Pseudopecten aequivalvis (]. SOWERBY);DECHAS

EAUX, p. 59.

1936 Aequipecten priscus (Schlotheim); DECHAS

EAUX, p. 42.

1936 Aequipecten acutiradiatus (Münster); Dechas

eaux, p. 42.

1942 Aequipecten bkrringi sp. nov; ROSENKRANTZ

p. 26.

non 1948 Pecten (Aequipecten) nongliensis Tausch; Dü-

bar, p. 163, pl. 13, fig. 12.

1951 Pecten aequivalvis J. SOWERBY; TROEDSSON,

p. 219.

/965 Pecten priscus SCHLOTHEIM; DAHM, pp. 27-29.

1965 Pecten cf. acutiradiatus MUNSTER;DAHM, p. 27.

1965 Pseudopecten aequivalvis Q. SOWERBY); DAHM,

p. 28.

1965 Chlamys acuticostata (LAMARCK); Mensink,

p.77.

'

1965 Pecten aequivalvis J. SOWERBY;MENSINK, p. 78.

7966 Aequipecten priscus (SCHLOTHEIM); BEHMELand

Geyer, p. 28.

/966a Pseudopecten prisca (SCHLOTHEIM); C. PALMER,

p. 67.

1966b Pseudopecten equtvalvis (J. SOWERBY); C. Palm

ER, p. 72.

1966b Pseudopecten prisca (SCHLOTHEIM); C. Palmer,

p.72.

1967 Pseudopecten priscus (SCHLOTHEIM); BERRIDGE

and IVIMEY-COOK, p. 160.

1972 Pseudopecten aequivalvis (J.
SOWERBY);Hallam,

p.40S.

Lectotype of Pecten equivalvis J. Sowerby

1816, p. 83, pl. 136, fig. 1 designated herein;

BM L79783; PI. 2, Fig. 1 herein; H: 79,

L: 85, I L : 48, UA: 128; M. Lias (U. Pliens-

bachian), Ilminster, Somerset.

1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'Lenticular with rounded diverging nbs and many acute

concentric Striae; valves equally convex the lower one

smoothest; ears equal.

The ribs vary in proportion; they sometimes equal the

space between them, but are generally less; they are rounded

and the Striae are more or less obliterated over them: the

Spaces between them are slightly coneave.

Pectens are generically described by Lamarck as ine-

quivalve, wherefore, I suppose, he had not seen any other-

wise; but the present species has both valves nearly if not

quite, equally gibbous; one valve being simply convex, the

other having a trifling reversed undulation near the edge, and

differing but little in the pattern. The auricles have not, as I

have seen, been found perfect, they are, however, nearly so,

and they then show an horizontal line on each side of the

beak, with nearly perpendicular lineae or Striae. I have one by

favour of Dr. Sutton, which has nearly parallel lines with the

hinge on the dexter auricle of the broader valve, with the

broad costae. This species is commonly found from three to

seven inches in diameter. Mr. Strangewayes, from whom I

have reeeived several speeimens, observes that they are

characteristic of the coarse limestone of Ilminster. I have had

other speeimens from near Lackington, by favour of Mr.

Strangewayes, also from Farley gateway, Gloucestershire;

Carrington, Oxfordshire; and from Dursley, Gloucester-

shire. I believe the species is found in various other parts of

England, and I have a speeimen from France.'

2. AMENDEDDIAGNOSIS

Distinguished from Ps. (Ps.) dentatus and Ps. (Ps.) veyra-

sensis by the low disc flanks and curvilinear comarginal Striae.

3. AMENDEDDESCRIPTION

Disc sub-ovate, higher than long in juvenile, growing al-

lometrically to become longer than high (text fig. 44) towards

maximum height of 179 mm(BM 2662). Umbonal angle in-

creasing at a decreasing rate (text fig. 45) to produce coneave

dorsal margins. Disc flanks low.

Equilateral, moderately convex, left valve slightly more

convex than right.

Intersinal distance greater in left valve than right but in-

creasing at a slightly increasing rate in both valves (text

figs. 46, 47). Large byssal noteh in right valve becoming rela-

tively smaller during ontogeny (text fig. 48).

Auricles well demarcated from disc, moderate in size, an-

terior slightly larger than posterior. Both anterior and post-

erior hinge lengths increasing at an increasing rate (text figs.

50, 51). Anterior auricle height increasing at a decreasing rate

(text fig. 49). All auricles meeting hinge line at approximately

90°. Anterior auricle of right valve meeting disc at approxi-

mately 90°, other auricles meeting disc at an acute angle. All

auricles ornamented with comarginal Striae, anterior auricles

also bearing 2-3 fine radial costae.

Both valves ornamented with between 16 and 27, most

commonly 22, radial plicae (text fig. 52). Plicae angular and

often wider than sulei in juveniles but becoming more

rounded and narrower than sulei later in ontogeny (PI. 1,

Fig. 8). Plicae poorly defined at anterior dorsal and posterior

dorsal margins of juveniles. Both plicae and sulei bearing fine

radial Striae and crossed by closely spaced curvilinear comar-

ginal Striae.

Shell thickness generally moderate but high beneath plicae.
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4. DISCUSSION

'Pecteti' acuticosta Lamarck only differs from 'P.' eqiti-

valvis Sowerby (lectotype [herein designated]; BML79783;

PI. 2, Fig. 1; 1) by the angularity of the plicae. There

can be little doubt that this is the result of a lower degree ot ab-

rasion (see Section 8) and it cannot therefore be the basis for a

specific distinction. Most large specimens with angular plicae

which are referred to 'P. ' acuticosta are derived from low

energy Condensed deposits and also have relatively low um-

bonal angles for their heights. However, this appears to be an

ecophenotypic feature brought about by relatively fast

growth in such facies (see Section 8).

'Pectinites' priscus S< hlotheim was erected for a single

specimen from the Sinemurian exhibiting few diagnostic fea-

tures. Subsequent authors have frequently applied the specific

name to small specimens of Ps. (Pseudopecten) and have

maintained a specific distinction from larger specimens (=

'P. ' aequivalvis auctt.) on the basis of a lower umbonal angle

and reduced number of plicae, which tend also to be acute.

Notwithstanding the fact that the holotype (M) of 'Pf. ' pris-

cus (HM) is reported to be an abnormally large specimen (H:

80, Dr. J. Helms, pers. comm., 1977) for its stratigraphic

horizon, three further criteria indicate that 'P. ' priscus auctt.

should be included within Ps. (Ps.) equivalvis.

a. Umbonal angle and the number of fully developed plicae

both increase during ontogeny (see Section 3) thus small im-

mature specimens of Ps. (Ps.) equivalvis have low umbonal

angles and appear to have few plicae.

b. Mature specimens from argillaceous facies may exhibit

the above characteristics because they are small as a result of

stunting (see Section S).

i^u-
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c. Mature specimens from low horizons in the stratigraphic

range of Ps. (Ps.) equivalvis may exhibit the above charac-

teristics because they are small as a consequence of represent-

ing an early stage in phyletic evolution towards increased

maximum size (see Section 10).

It is very doubtful whether any of the records of 'P. ' pris-

cus cited in synonymy represent anything other than one of

the above categories of small Ps. (Ps.) equivalvis.

'P. ' sublaevis Young and Bird was separated from 'P.
'

equivalvis on the basis of its low plicae, lacking in comarginal

Striae. As discussed above, this is almost certainly due to abra-

sion. 'P. ' major Young and Bird appears to represent, by

contrast, an unusually well preserved specimen of Ps. (Ps.)

equivalvis which still exhibits radial Striae on the plicae.

Simpson's (1884) species 'P.' interstinctus, 'P.' rudis and

'P. ' dichtotnus were all compared with 'P. ' priscus and al-

though figures were not provided it seems highly likely that

the species represent small specimens of Ps. (Ps.) equivalvis.

The single observed type of 'P. ' aequalis Quenstedt

(GPIT 4-9-13; PI. 2. Fig. 5) has 22 plicae and is inseparable

from Ps. (Ps.) equivalvis by metric criteria (2). Likewise, one

of the syntypes of TV cephus d'Orbigny (MNO1842C) has

1 7 plicae and is inseparable by metric criteria (3) while another

(PI. 2, Fig. 10) has 21 plicae and exhibits no distinguishing

features.

Kohn's (1935) holotype (M) for 'Chlamys' sendelbachensis

(BSPHG 1934 IV 8; PI. 2, Fig. 4) has 20 plicae and metric

proportions (4) within the ränge of Ps. (Ps.) equivalvis. His

type material for 'Aequipecten' maximiliam appears to be lost

but the diagnostic criteria, three more plicae than is usual in

Ps. (Ps.) equivalvis (22) and reduced plical height, can both be

accommodated within the known ränge of 'genetic' and 'en-

vironmental' Variation in the latter species.

The figure of 'P.' costatulus Hartmann exhibits 17-18

plicae and H/U A (5) which is indistinguishable from Ps. (Ps.)

equivalvis. Similarly 'Ch.' mcconnelü McLearn has 22 plicae

and the description gives no grounds for considering the

species as anything other than synonymous with Ps. (Ps.)

equivalvis.

Munster's (1833) figure of 'P.' acutiradiatus shows a

specimen with an exceptionally large umbonal angle (125 at

H: 13.5) and small auricles. However, examination of thefig-

ured specimen (BSPHG AS VII 611; PI. 2, Fig. 9) shows

this to be due to a draughting error. The auricles are in fact

broken and the H/UA ratio (6) is well within the ränge of Ps.

(Ps.) equivalvis.

'P. ' Hinterhuberi Tietze was erected for a very large

specimen (H: 152) said to differ from 'P.' equivalvis by its

smaller umbonal angle. However, the figure depicts a broken

specimen which could not have provided an accurate value for

UA. In all other respects it is identical to Ps. (Ps.) equivalvis.

The specimen was derived from a loose boulder thus the re-

ported age (Hettangian, Angulata zone) may well be inaccu-

rate. The apparently abnormal size for the stratigraphic

horizon (see Section 10) may therefore be spurious.

'P.' Caracolensis Steinmann was erected for a specimen

possessing 24 smooth low plicae and characterised by one

large median plica. This last feature is fairly common in Ps.

(Ps.) equivalvis and is probably caused by the interruption of

normal growth by damage. The species are inseparable by

metric criteria (7).

The figure of 'P. ' lugdunensis Michelin reveals a specimen

with 25 plicae and metric proportions (8) which are insepara-

ble from Ps. (Ps.) equivalvis. The four auricular costae may

however be distinctive and subsequent authors who may have

examined the type material (e. g. Staesche, 1926) have

synonymised Michelin's species with Ch. (Ch.) valoniensis

(q. v.). The preservation of 7V lugdunensis as an internal

mould may preclude recognition of the intercalary costae

characteristic of Ch. (Ch.) valoniensis.
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The figure of 'P. ' Nongüensis Tausch depicts a specimen

with 19 plicae and H/UA, I R/L and AH/L (9) just within the

ränge of Ps. (Ps.) equivalvis. PH/L and, in particular, N/L

are distinctly high. However, this could simply be due to in-

accurate Illustration and the single specimen recorded pro-

vides few grounds for a specific Separation. Dubar (1948),

who may have examined the holotype (M), has applied

Tausch's specific name to forms which are clearly conspecific

with Ps. (Ps.) dentatus (q. v.).

The description and figures of 'P. ' Bodenbenderi

Bihrfndsen from Argentina are clearly indicative of the

genus Weyla. However specimens in the GPIG, including

what is apparently a type, clearly belong to the genus

Pseudopecten. Notwithstanding this nomenclatural confu-

sion it seems unwise at present to include the rather poorly

preserved Göttingen specimens within Ps. (Ps.) equivalvis

since they appear to differ from the latter by their greater con-

vexity and smaller umbonal angle.

AH
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Text fig. 51: Pseudopecten (Ps.) equivalvis - posterior hinge length/length.

TV priscus Schlotheim; Dumortier has the down-sulcal

tongueing of the growth lines typical of Ps. (Ps.) dentatus

rather than Ps. (Ps.) equivalvis. 'P.' acutiradiatus Münster;

Dumortier is referable to the former species on the basis of the

vertically striated disc flanks.

The great majority of authors have followed J. de C. Sow-

erby's alteration of the spelling of equivalvis to aequivalvis

in vol. 6 of the 'Mineral Conchology' ( 1 829). This is incorrect

since J. Sowerby's original spelling in no way contravenes the

ICZN rules and therefore must take historical precedence.

However. Ps. (Ps.) equivalvis remains something of a mis-

nomer because the shell is noticeably inequivalve.

5. STRATIGRAPHIC RANGE

Ps. (Ps.) equivalvis is first recorded in the Planorbis zone

(Hettangian) of Lyme Regis (BM L62437), Dijon (DM 134),

Lugano (Bistram, 1903) and Yorkshire (Täte and Blake,

1 876). Subsequently it is recorded from the Angulata zone of

E. France (Terquem and Piette, 1865) and the Bavarian Alps

(Winkler, 1886) and the Bucklandi zone (L. Sinemurian) of

Lyme Regis (BM L77272), the Rhone (Dumortier, 1867) and

S. Bavaria (Schafhautl, 1851). Ps. (Ps.) equivalvis first oc-

curs commonly in the middle Sinemurian Frodingham Iron-

stone (Semicostatum-Obtusum zones) and from then on it is

widespread and often abundant until the U. Pliensbachian.
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Text fig. 52: Pseudopecten (Ps.) equivalvis - frequency distribution for number of plicae.
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Extension of the ränge into the Tenuicostatum zone of the

L. Toarcian is evidenced by material from the Cotswolds

(OUM J33417-8) and Luxembourg (BSPHG). Most other

Toarcian records (e. g. BM LL8 142-3 from Lincolnshire,

MNO2073, 2073A-D; MNRB8689; MNPS00963 from

N. France) are probably from this zone. However, Hallam

(1972) considered that the ränge extended into the middle

Toarcian in Iberia and this horizon may be the source of some

of the numerous Toarcian records from the area (e. g. BM
LL30836; Dahm, 1965; Dubak, 1925; Verneuil and Col-

i < imb, 1852). The species is recorded with Hildoceras bifrons

in the W. Balkans (PoMPECKJ, 1897) and YouNG and Bird

(1828) report material from hard bands in the Alum Shale

(Bifrons zone) of Yorkshire. In the latter area intensive field

work by the author has failed to substantiate Young and

Bird's claim. However, collecting from the Oolithe Fer-

rugineuse at Port-en-Bessin (Normandy) has brought to

light a specimen (PI. 2, Fig. 3) which may be a Bajocian rep-

resentative of Ps. (Ps.) equivalvis. In the lack of further mat-

erial and with the poor preservation of the available specimen

the possibility still remains that it should more properly be re-

ferred to Ctenostreon.

Collecting at Snowshill Quarry, Gloucestershire has failed

to substantiate Ager et al.'s (1973) record of Pseudopecten

from the M. Bathonian of this locality. Radulopecten vagans

and Camptonectes (C.) laminatus are the only pectinids pre-

sent.

6. GEOGRAPHICRANGE

Ps. (Ps.) equivalvis is found in all parts of Europe and there

seem to be no obvious changes in distribution throughout its

stratigraphic ränge (text fig. 53). There is thus no support for

Staesche's (1926) view that small specimens (= 'Aequipecten'

priscus) originated in the Hettangian of the Rhone and subse-

quently spread to other parts of Europe in the Sinemurian.

Contrary to Staesche's opinion, Ps. (Ps.) equivalvis is not

known throughout the world at any time. Records outside

Europe are restricted to the Americas (text fig. 54) and the
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Text fig. 53: Pseudopecten (Ps.) equivalvis - European distribution.

Text fig. 54: Pseudopecten (Ps.) equivalvis - World distribution (Pliensbachian reconstruction)
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species is only known to be common in E. Greenland

(Rosenkrantz, 1934, 1942). Itisprobably rare in S. America,

Javcorski (1916) having recorded only two specimens and

Steinmann (1881) amere one, from Bolivia. It is by no means

certain that the large number of fragments of Ps. (Pseudopec-

ten) from S. America in the GPIG necessarily belong to Ps.

(Ps.) equivalvis (see Section 4).

With regard to its ränge outside Europe, HALLAM(1977) has sug-

gested that the rarity of Pseudopecten at least in the W. Americas,

may be due to competition with the ecologically similar aberrant

pectinid Weyla. Howevej, the absence of both Weyla and

Pseudopecten from Asia, Australia and Antarctica remains to be

explained.

The observed distribution of Ps. (Ps.) equivalvis is most

obviously explained by migration via the Canadian Arctic.

However, there is now some evidence (see p. 25) to suggest

that in the Pliensbachian a seaway existed between S. Ameri-

ca, S. Africa and Antarctica (or perhaps between N. and

S. America) and this could have afforded an alternative

routeway.

7. DESCRIPTION OF ECOLOGY

Ps. (Ps.) equivalvis first occurs commonly in the Froding-

ham Ironstone (Semicostatum-Obtusum zones), a strati-

graphically Condensed chamosite oohte in Lincolnshire. En-

tolium (E.) lunare is however a considerably more abundant

element of the fauna, which also includes Camptonectes (C.)

subulatus, Chlamys (Ch.) textoria, 'Lima', Gryphaea, As-

tarte and large Cardima and ammonites. Most specimens of

Ps. (Ps.) equivalvis are disarticulated and have, except in the

umbonal region, rounded plicae (PI. 2, Fig. 6). The max-

imum height attained is 45 mm(ScM). Contemporaneous

specimens from more expanded, lower energy sequences such

as the micritic limestones of S. Germany, reach only 25 mm
in height while those from marls reach only 10 mmand are

much less common (Staesche, 1926). All specimens from ar-

gillaceous facies have acute plicae and the limited available

data suggests that they also have relatively large umbonal an-

gles for their heights, compared to specimens from ironstones

of the same age (text fig. 56). The associated fauna in the argil-

laceous facies is relatively deficient in E. (E.) lunare and large

Cardinia.

L. Pliensbachian chamositie ironstone deposits such as the

'Pecten' Bed (Ibex zone) of Lincolnshire, contain abundant

Ps. (Ps.) equivalvis up to a maximum height of 90 mm(au-

thor's collection). All specimens are disarticulated and rest

convex up, suggesting strong current activity. This is sup-

ported by the essentially unimodal size/frequency distribu-

tion obtained from a two sq. m. bedding-plane exposure (text

fig. 55). Except in the region of the umbo, the plicae are

rounded. Other faunal elements are less prominent than in the

Frodingham Ironstone.

A high proportion of articulated specimens is indicative of

lower energy conditions in the 'Pecten' Bed (Ibex zone) of

Blockley, Gloucestershire. The abundance of fish vertebrae

and the siderite cement (Hewitt and Hurst, 1977) suggests a

period of non-deposition. Ps. (Ps.) equivalvis attains a height

(H: 78; OLIM J 17929) comparable to that in specimens de-
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rived from contemporaneous high energy Condensed deposits

(see above) but the plicae remain, in contrast, angular at all

ontogenetic stages (PI. 2, Fig. 7). The associated fauna isdefi-

cient in E. (E.) lunare and is dominated by large specimens of

Astarte and Mactromya. A variety of less common in- and

epifaunal bivalves, gastropods and cephalopds attain a large

size at this horizon (Hewitt and Hurst, 1977).

In contemporaneous low energy expanded sequences such

as the Numismalis Mergel (Jamesoni/Ibex zones) of S. Ger-

many, Ps. (Ps.) equivalvis is commonbut reaches a maximum

height of only 37.5 mm(GPIT). In L. Pliensbachian clays in

the English Midlands the maximum height is 27.5 mm(OUM
J33290). All specimens have acute plicae. Larger specimens

are occasionally recorded from predominantly clay sequences

but these invariably turn out to be from storm lags at the top

of small coarsening upward cycles (Sellwood, 1972). Thus

specimens with rounded plicae reaching a maximum height of

60 mm(author's collection) occur in deposits of the Jamesoni

zone at Robin Hood's Bay (Yorkshire) in association with

Camptonectes (C.) subulatus, Plicatula, Gryphaea, Gervil-

lella and exhumed Pinna.

In addition to their reduced maximum size, L. Pliens-

bachian specimens of Ps. (Ps.) equivalvis from uncondensed

argillaceous facies also tend to have relatively large umbonal

angles for their heights (text fig. 57). The few specimens that

plot within the ränge of forms from Condensed facies are al-

most certainly derived from thin, coarse grained horizons

within predominantly clay sequences (see above).
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Text fig. 57: Pseudopecten (Ps.) equivalvis -height/ umbonal angle for specimens from Condensed and ex-

panded sequences in the L. Pliensbachian.

Ps. (Ps.) equivalvis is also common in the L. Pliensbachian

of E. Greenland, where it occurs in coarse sands and limes-

tones (Rosenkrantz, 1934, 1942), Raasay, where it is abun-

dant in muddy sands (author's collection), and E. Spain,

where it is found in bioclastic limestones (Bi hmei and Geyer,

1966). It is however conspicuous by its absence from the

Jamesoni zone of the Pyrenees where Condensed deposits

contain common Ps. (Ps.) dentatus and the first European

representatives of Weyla (Damborenea and Mancenido,

1979).

In the Sandy Series (Margaritatus zone) of the U. Pliens-

bachian in Yorkshire, Ps. (Ps.) equivalvis is common and

reaches a maximum height of about 60 mm, while in the simi-

larly expanded sequence of Raasay a maximum height of

70 mmis attained (author's collection). All specimens have

rounded plicae. The associated fauna is dominated by Ox-

ytoma, Protocardia, Gryphaea and the scaphopod Den-

talium. E. (E.) lunare is rare but in a similar sedimentary and

faunal association in the later parts of the Margaritatus zone in

Dorset (Thorncombe Sands) it is common and Ps. (Ps.)

equivalvis is rare. C. Palmer (1966b) remarked on the small

size of specimens from a sandy limestone bed (Day's Shell

Bed) at the top of the clay sequence (Eype Clay) representing

the earlier parts of the Margaritatus zone in Dorset. They

were said to reach only 25-30% of their 'normal' height.

However, Palmer may have been drawing a comparison with

specimens from Spinatum zone ironstones (see below) rather

than with those from Margaritatus zone clays whose max-

imum height (30 mm; author's collection) is very probably

less than that of Palmer's specimens. Ps. (Ps.) equivalvis is

not known to be common in argillaceous facies anywhere in

the U. Pliensbachian.

Ps. (Ps.) equivalvis is very common in the Condensed, high

energy, chamositic ironstones of the Spinatum zone in Lor-

raine, N. W. Germany and most parts of England. All speci-

mens have rounded plicae (PI. 2, Fig. 1) and the maximum

height reached is 179 mm(BM 2662). The associated fauna is

essentially the same as for the Margaritatus zone although in

Northamptonshire, Oxfordshire and Somerset, where Ps.

(Ps.) equivalvis is somewhat less common, Ps. (Ps.) dentatus

and Ps. (Ps.) veyrasensis also occur. In S. Germany, the

Spinatum zone is developed in a Condensed but lower energy

marlstone facies in which Ps. (Ps.) equivalvis usually exhibits

acute plicae (Staesche, 1926) and attains a maximum height of

95 mm(GPIT). There are too few specimens available from

uncondensed argillaceous facies to allow of any comparison in

shape with forms from Condensed or higher energy facies.

Ps. (Ps.) equivalvis is nowhere commonafter the U. Pliens-

bachian and over most of Europe its disappearance is

correlated with the onset of bituminous shale deposition in

the L. Toarcian. In parts of the W. Balkans and Iberian

peninsula where the Toarcian is developed in high energy

facies the species extends into the Bifrons zone (see See-
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tion 5). However, in similar facies in the Toarcian of

E. Greenland (Rosenkrantz, 1934, 1942) and the Caucasus

(Pompeckj, 1897) the species seems to be absent. The largest

Toarcian specimens are apparently to be found in the d'Or-

bigny Collection (H max : 92; MNO2073B). However, d'Or

bigny's concept of the Toarcian may also have included parts

of the U. Pliensbachian, so such records should be treated

with caution.

Although quite widespread in the peri-Mediterranean re-

gion, Ps. (Ps.) eqvtivalvis appears to reach large sizes only in

high energy deposits such as the U. Pliensbachian calcarenites

of the Iberian ranges (Mensink, 1965), the Sandy marls of the

W. Balkans (Pompeckj, 1897), the sandstones of Yugoslavia

(Uhlig, 1884) and W. Bulgaria (TZANKOV and Boncev,

1932) and the Toarcian marly oolites of theW. Balkans (Pom-

peckj, 1897).

8. INTERPRETATION OF ECOLOGY

It is clear from Section 7 that Ps. (Ps.) equivalvis was a

eurytopic species with respect to Substrate, only clays formed

under conditions of reduced oxygen tension constituting an

unfavourable environment. It is also clear however, that there

are correlations between the size and shape of Ps. (Ps.)

equivalvis and the sediment grain size, rate of Sedimentation

and energy of the environment. Specimens from Condensed

deposits reach a large size, those from high energy environ-

ments having rounded plicae. Specimens from expanded high

energy sandstone sequences reach a somewhat smaller max-

imum size and have rounded plicae. Specimens from ex-

panded argillaceous sequences are much smaller, have acute

plicae, and usually have a low H/UA ratio.

The correlation between high environmental energy and

roundness of the plicae is most easily explained as the result of

pre- and post-mortem abrasion of the originally angular

plicae by wave and current-induced rolhng of the shell.

The correlation between stratigraphic condensation and

large size could be the consequence of one or more of the fol-

lowing factors:

a) High environmental energy. Most Condensed sequences

containing large Ps. (Ps.) equivalvis are developed as high

energy chamosite oolites. In such environments the increased

rate of supplv of suspended food and dissolved oxygen might

be expected to contribute to faster growth. However, the pres-

ence of comparably large specimens in a low energy horizon

at Blockley seems to argue against this hypothesis.

b) Low turbidity Condensed sequences are the result of de-

creased supply of sediment from Suspension thus one can ex-

pect relatively clear water. This should lead to a reduction in

the time required for cleaning the gills and defaecating and a

consequent increase in the time spent feeding. Observations

by the author on the extant species Chlamys opercularis re-

veal that high turbidity forces the animal to close the shell and

abandon feeding, thus continuous high turbidity could be ex-

pected to markedly affect the growth rate. Slow Sedimenta-

tion can also be expected to reduce turbidity (and thus en-

hance growth rate) by promoting the early diagenetic forma-

tion of a carbonate cement (Hallam, 1972) which would in-

hibit resuspension of the sediment by lateral water move-

ment. The fact that Ps. (Ps.) equivalvis attains a considerable

size in expanded sandstone sequences does not however lend

support to the view that the very large sizes attained in Con-

densed sequences are simply the result of low turbidity.

Neither can the latter easily explain the large sizes attained by

presumably nektonic ammonites in Condensed sequences.

c) Increased temperature. With the implicit assumption

(given empirical support by the work of Nicol, 1967) that

higher temperatures enable the development of large size,

Hewitt and Hurst (1977) have invoked climatic amelioration

to account for the abnormally large sizes attained by molluscs

at certain Condensed horizons in the English Jurassic. In the

case of Ps. (Ps.) equivalvis this falls to account for the small

size of specimens in stratigraphically equivalent expanded se-

quences. However, Hallam (1963) has suggested, on the

basis of sedimentological evidence, that Condensed ironstone

formation may take place on shoals and that such environ-

ments may be warmer than surrounding deep water areas,

characterised by clastic Sedimentation. While such a model

has the merit of explaining the large size of both benthos and

nekton in Condensed sequences, it suff ers from a lack of actual

evidence for increased temperature in the shoal environment.

Until some independent evidence for the latter is obtained it

seems advisable to adopt a composite theory (involving2 and

3) to explain the correlation between Condensed sequences

and the development of large size in Ps. (Ps.) equivalvis. It has

been assumed throughout that the latter is the consequence of

relatively rapid growth. While this seems the most reasonable

supposition and has a variety of plausible explanations (see

above) the possibility cannot be entirely discounted that some

undetected characteristic of the environment of Condensed

sequences (perhaps reduced predation) increased the length of

life and thus allowed the development of larger sizes. An

analysis of growth lines can be expected to provide a test for

the assumption of faster growth.

The small size and low H/UA ratio of specimens from ex-

panded argillaceous sequences is most easily interpreted as the

result of relatively slow growth in conditions essentially op-

posite to those in the highly favourable Condensed sequences.

The local abundance of such 'stunted' specimens need not be

viewed as evidence against this Interpretation (see pp. 55,

124) and indeed 'stunting' may be an inappropriate term to

use for the development of what are in fact adaptive shell fea-

tures (see Section 9).

The lack of Ps. (Ps.) equivalvis in apparently highly suita-

ble Condensed facies containing Weyla in the Jamesoni zone

of the Pyrenees is further evidence for Hallam's contention

(see p. 69) that Pseudopecten and Weyla were competitors.

However, the occurrence of Ps. (Ps.) dentatus in the same de-

posits indicates that the competitive reaction did not extend to

all Pseudopecten species. Indeed the inverse correlation in

numbers or total mutual exclusion of Ps. (Ps.) equivalvis

from Ps. (Ps.) dentatus in other areas (see p. 70) suggests

that the absence of the former from deposits of the Jamesoni

zone in the Pyrenees may be due more to competition with

the latter species than with Weyla. Ps. (Ps.) veyrasensis has a

similar distribution to Ps. (Ps.) dentatus and thus may also

have had a competitive reaction with Ps. (Ps.) equivalvis. The

frequent inverse correlation in numbers of Ps. (Ps.) equival-

vis and Entolium (E.) lunare is strong evidence for competi-

tion. While in ironstones the dominant species appears to
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switch from the latter to the former after the Sinemurian there

seems to be no secular change in sandstones, the dominant

species at any one time or place being, therefore, presumably

determined by priority.

9. FUNCTIONALMORPHOLOGY

The strongly ornamented lower valve and quite thick shell

of the large specimens of Ps. (Ps.) equivalvis common in high

energy environments is paradigmatic for an adult reclimng

mode of life. The large byssal notch indicates that the juvenile

obtained stability by means of byssal attachment. However,

the allometric reduction in size of the notch indicates that bys-

sal attachment was gradually abandoned during ontogeny. In

the morphologically and ecologically similar extant species

Chlamys opercularis byssal attachment effectively ceases at

shell heights above 50 mm(Soemodihardjo, 1974).

The relatively high convexity of the left valve is non-

paradigmatic for reclining but is well suited to providing litt

during swimming and combined with the ontogenetic m-

crease in umbonal angle probably served to prolong this

capacity until quite late stages in ontogeny.

The small adult size and low H/U A ratio of specimens from

expanded argillaceous sequences is adaptive for the environ-

ments represented by such Sediments. Small size inhibits sin-

king into the soft Substrate while both small size and a relati-

vely large umbonal angle maximise the possibility of escape

from sediment swamping by swimming, through maximising

the trust/weight ratio of the shell.

Swimming ability in combination with a strongly plicate

shell was also probably directed against attempted predation.

The disadvantage of a plicate shell, in localising wear on the

plical crests, was apparently offset by sub-plical shell thicken-

ing.

10. ORIGINS AND EVOLUTION

Undoubted specimens of Ps. (Ps.) equivalvis are known

from the Planorbis zone so the origins of the species probably

lie outside the Jurassic. However, no obvious ancestors pre-

sent themselves.

Phyletic size increase is a very marked trend in Ps. (Ps.)

equivalvis. However, the prevalence of ecophenotypic size

variations (see Section 8) makes for great difficulty in the pre-

cise documentation of the trend. It is clear therefore that at-

tention must be concentrated on the same environment at all

stratigraphic levels. For this purpose the analysis is restricted

to Condensed sequences since these seem to represent the most

clearly defined environment. Within the latter there is an in-

crease in maximum height from 45 mm (Sinemurian) to

90 mm (L. Pliensbachian) to 179 mm (U. Pliensbachian).

There may also be an associated acceleration in the develop-

ment of H/U A since large L. and U. Pliensbachian specimens

have H/UA values which plot above a projected 'average'

Sinemurian ontogeny estimated from 'static' data (text

fig. 58). However, the rather broad limits of the available data

do not allow exclusion of the possibility that Sinemurian on-

togenies in fact exhibit a much more rapid increase in H with
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respect to UA thus the high H/UA values of at least large U.

Plicnsbachian specimens could represent no more than

hypermorphic extension of Sinemurian allometry through the

medium of phyletic size increase. Nevertheless, the H/UA
values of moderate sized L. Pliensbachian specimens do seem

to represent a genuine departure from Sinemurian ontogenies

thus acceleration would appear to be evinced in at least the

early stages of the phylogeny of ft. (Ps.) equivalvis. If this is

the case U. Pliensbachian H/UA values would seem to indi-

cate subsequent retardation in the development of H/UA al-

beit only to the extent of returning ontogenies to a Sinemurian

condition.

There is clearly a pressing need either for more 'static' data

or for a 'dynamic' analysis of shape development using

growth lines in order to facilitate a rigorous assessment of the

role of heterochrony in the phylogeny of Ps. (Ps.) equivalvis.

Whether or not acceleration and subsequent retardation of

shape development has occurred the fact remains that large

U. Pliensbachian formsofft. (Ps.) equivalvis haverelatively

high H/UA ratios. As such they are mechanically inferior to

earlier forms with respect to their design for swimming. This

is difficult to interpret in conjunction with phyletic size in-

crease. One might have expected evolution towards a more ef-

ficient, low H/UA, design in order to counteract the limita-

tion on mobihty and consequent susceptibility to predation

imposed by increased size. (In living scallops a reduced ratio

of muscle strength to body weight leads to the progressive loss

of swimming ability as size increases during ontogeny

[Gould, 1971; Soemodih ARDjo, 1974] ; as a result escape from

predators by flight eventually becomes impossible.) A resolu-

tion to this paradox may lie in the Observation that some large

sessile bivalves resist predation by the absolute strength of the

adductor muscle. Thus Paine (1976) has observed that starfish

are unable to prise apart the valves of Mytilus which are more

than 8-10 cm in length. One may therefore perhaps infer that

Ps. (Ps.) equivalvis gave up a fugitive policy towards the end

of its stratigraphic ränge in favour of a policy of passive resis-

tance. Such a strategy would only be worthwhile if large size

could be achieved rapidly thus the hypothesis could be tested

by an analysis of growth lines to see if faster growth was, in

fact, characteristic of later populations. 'Static' data (see

above) certainly allows that this may have been the case.

Phyletic increase in size, together with an apparent retarda-

tion in shape development and a reduction in tolerance of ar-

gillaceous Substrates in the U. Pliensbachian (see Section 7)

points to the prevalence of 'K' selection towards increased

trophic efficiency . The high abundance of ft. (Ps.) equivalvis

in certain U. Pliensbachian chamosite oohtes need not be

viewed as evidence against this interpretation since lt may well

be the result of stratigraphic condensation.

The widespread development of unfavourable bituminous

shale facies in the L. Toarcian undoubtedly caused a severe

depletion of the numbers of Ps. (Ps.) equivalvis. The subse-

quent extinction of the species may have been the simple re-

sult of depletion to such an extent that re-establishment of

self-supporting populations was impossible. However, it

may also have been due to competition with one or more of

the newly evolved, ecologically similar species, ft.

(Ecbinopecten) barbatus, Propeamussium (P.) laeviradiatum

and Entolium (E.) corneolum.

Pseudopecten (Pseudopecten) dentatus

(J. DE C. Sowerby 1827a)

PL 2, Figs. 1 1-14; text figs. 59-61, 62 (pars)

Synonymy

Pecten dentatus sp. nov;J. DEC. SOWERBY,p. 143,

pl. 574, fig. 1.

Pecten priscus SCHLOTHEIM; GOLDFUSS, p. 43,

pl. 89, fig. 5 (non SCHLOTHEIMsp.).

Pecten dentatus J. DE C. SOWERBY;GOLDFUSS,

p. 46, pl. 90, Fig. 7.

Pecten dentatus J. DE C. SOWERBY;D'Orbigny,

v. 1, p. 285.

Pecten dentatus J. DE C. SOWERBY;QUENSTEDT,

p. 753, pl. 92, fig. 3.

Pecten Thiollieri sp. nov; MARTIN, p. 89, pl. 6,

figs. 21-23.

Pecten Thiollieri MARTIN; DUMORTIER, p. 62,

pl. 10, figs. 4-7.

Pecten Euthymei sp. nov; DUMORTIER, p. 64,

pl. 10, figs. 8-10.

Pecten pnscus Schlotheim; Dumortier, p. 216,

pl. 48, fig. 4 (non SCHLOTHEIMsp.).

Pecten dentatus J. DE C. SOWERBY; WAAGEN
p. 632.

Pecten Dieulafaiti sp. nov; JAUBERT, p. 234.

Pecten acutiradiatus MÜNSTER; DUMORTIER,

p. 135, pl. 21, fig. 8 (non MONSTERsp.).

Pecten Bersaskensis sp. nov; TlETZE, p. 106, pl. 6,

fig. 3.

Pecten Thiollierei Martin; Täte and Blake,

p.363.

Pecten Thiollieri Martin; Simpson, p. 170.

Pecten Thiollieri Martin; Winkler, p. 30.

Pecten (Cblamys) Thiollierei MARTIN; BlSTRAM,

p. 33, pl. 2, figs. 13-15.

Chlamys aequiplicata (TERQUEM); COSSMANN,

p. 503, pl. 16, fig. 15 (non Terquem sp.).

Pecten (Chlamys) cf. amphiarotus Dl STEFANO;

TRAUTH, p.90, pl. 2, fig. 17.

Pecten dobbertinensis sp. nov; OERTEL, p. 564.

Pecten priscus var. Dieulafaiti JAUBERT; DUBAR,

p.266, pl. 5, figs. 1-6.

Chlamys Thiollieri (MARTIN); ROMAN,p. 105.

Pecten (Pseudopecten) Dieulafaiti JAUBERT; Lan-

QUINE, p. 131, pl. 3, fig. 2.

Aequipecten thiollerei (MARTIN); DeCHASEAUX,

p. 40.

Aequipecten Euthymei (DUMORTIER); DECHAS-

EAUX, p. 41.

Aequipecten priscus var. Dieulafaiti (JAUBERT);

Dechaseaux, p. 42.

Pecten (Chlamys) äff. bersaskensis TlETZE; Du-

BAR, p. 162, pl. 14, figs. 4a, 4b.

Pecten (Aequipecten) norigliensis TAUSCH; Du-

BAR, p. 163, pl. 13, fig. 12 (non TAUSCHsp.).

Pecten (Aequipecten) semiarticulatus G. MENE-

GHINI; Dubar, p. 216, pl. 28, figs. 22-25, text

fig. 53 (non G. Meneghini sp.).

Chlamys Thiollerei (Martin); Roman, p. 25.

Aequipecten dieulafaiti (JAUBERT); BEHMELand

Geyer, p. 28.

1973 Chlamys (Aequipecten) Thiollerei (MARTIN); LEN-

TINI, p. 28, pl. 15, fig. 6.

Lectorype of Pecten dentatus J. de C. Sower-

by 1827a, p. 143, pl. 574, fig. 1 designated

herein; BM20719; PI. 2, Figs. 11,12 herein;

H: 55, L: 58, UA: 109, PL: 20; gravels

derived from M. Lias (U. Pliensbachian),

Bugbrook, Northamptonshire.

V*
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1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'Nearly orbicular, convex, minutely striated concentrical-

ly, ribbed; ribs about twenty close, large, angular, obtuse;

ears defined, small; margin deeply toothed; valves similar.

The peculiar characters of this Pecten are the sharp projec-

tion of the edge between each rib and the Hat inclined sides of

each rib.

Several specimens of this fossil are in the collection of Miss

Baker, who found them in transported fragments of lime-

stone, in what are there called gravel pits, at Bugbrook and

Staverton, in Northamptonshire. It also occurs in the Valley

of Catmus in Rutlandshire. The figure is taken from a speci-

men which has both valves, but wants the ears; they are sup-

plied from another, in other respects inferior, individual.'

Text fig. 59: Pseudopecten (Ps.) dentatus - European distribution.

2. AMENDEDDIAGNOSIS

Distinguished from Ps. (Ps.) equivalvis by the higher, ver-

tically striated, disc flanks (PI. 2, Fig. 13) and down-sulcal

tongueing of the comarginal Striae (PL 2, Figs. 11, 12). Dis-

tinguished from Ps. (Ps.) veyrasensis by the larger modal

number of plicae (17/18 cf. 14).

H
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features of high disc flanks and convexity are not apparent.

However, the diagnostic ventral tongueing of the sulcal

growth lines is visible and leaves no doubt that the specimen

should be the name bearer for the species described in Section

3. 'P.' priscus Schlotheim; Goldfuss (non Schlotheim) also

exhibits this feature while 'P. ' acutiraduitus Münster;

Dumortier (non Münster) has the vertically striated disc

flanks diagnostic of Ps. (Ps.) dentutus.

'P. ' Thiollieri Martin was said to have 20 plicae but the fig-

ures show only 17 or 18 as is typical of Ps. (Ps.) dentatus.

Moreover, the characteristic convexity and disc flank Orna-

ment of the latter species is well displayed. Similarly,

TV Thiollieri Martin; Winkler was also said to have 20

plicae but a specimen (BSPHG) collected from the same

horizon and locality as Winkler's, exhibits only 16 plicae.

Records of Martin's species in Dechaseaux (1936) and Len-

tini (1973) refer to specimens with, respectively, vertically

striated disc flanks and ventrally tongueing sulcal growth

lines, as in Ps. (Ps.) dentatus. However, specimens referred to

Martin's species by Bistram (1903) appeartohavecurvilinear

growth lines and 2 1 plicae, as in Ps. (Ps.) equivalvis. In view

of the evident possibility of confusion with the latter species,

inadequately described and unillustrated records of Martin's

species in Täte and Blake (1876), Simpson (1884) and Roman

(1926, 1950) can only be tentatively synonymised with Ps.

(Ps.) dentatus. However, examples of Martin's species with

20 plicae and the disc flank Ornament and convexity charac-

teristic of Ps. (Ps.) dentatus are clearly f igured and reported to

be commonby Dumortier (1864). It may therefore be that the

mean (and perhaps ränge) in the number of plicae was higher

early in the stratigraphic ränge of the species.

20
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Text fig. 62: Pseudopecten (Ps.) veyrasensisl dentatus - frequency

distribution for number of plicae.

'P. ' Euthymei Dumortier has the characteristic disc flank

and sulcal Ornament of Ps. (Ps.) dentatus and the number of

plicae (16) is within the ränge of Variation in the latter species.

'P.' DieuLifaiti Jaubert was erected for a specimen origi-

nally referred to 'P. ' priscus Schlotheim by Dumortier

(1867). The number of plicae (17) and the down sulcal tongue-

ing of the growth lines indicate its identity with Ps. (Ps.) den-

tatus. Subsequent varietal use of the name does not depart

from Jaubert's hypodigm.

'P. ' Bersaskensis Tietze was erected for a single specimen

which was said to have 16 plicae, thus suggesting that it may be

conspecific with Ps. (Ps.) dentatus. However, the width of

the sulci and shallowness of the byssal notch may justify a

specific Separation. Indeed, only 15 plicae are depicted in the

figure and this together with the fact that Dubar (1948) has

applied Tietze's specific name to forms with 14 plicae, sug-

gests that 'P. ' Bersaskensis may be a synonym of Ps. (Ps.)

veyrasensis.

'Chlamys' cf. aequiplicata (Terquem); Cossmann (non

Terquem) has 1 6 plicae but the small size of the f igured speci-

men does not allow an unequivocal specific determination.

'P. ' ('Ch. ') cf. amphiarotus Di Stefano; Trauth (non Di

Sm i ano) was applied to 8 specimens possessing between 17

and 19 plicae, moderate convexity and ventrally tongueing

sulcal growth lines as in Ps. (Ps.) dentatus.

'P. ' dobbertinensis Oertel was separated from 'P. ' ae-

quivalvis J. Sowerby by the reduced number of plicae (17)

and greater convexity. Although a figure was not provided

this is strongly suggestive of equivalence with Ps. (Ps.) den-

tatus.

The names 7'.' ('Aequipecten') norigliensis Tausch (non

Tausch) and 'P. ' ('Ae. ') semiarticulatus G. Meneghini (non

G. Meneghini) were applied by Dubar (1948) to specimens

with, respectively, 16 and 17 plicae. In both cases the down-

sulcal tongueing of the comarginal ornament indicates that

they should be included within Ps. (Ps.) dentatus.

Quenstedt's (1858) use of J. de C. Sowerby's specific name

is for a specimen (GPIT 2-92-3; PI. 6, Fig. 12) which is

clearly a representative of the 'coarse' phenotype of Chlamys

(Ch.) textoria.

5. STRATIGRAPHIC RANGE

Ps. (Ps.) dentatus first occurs in the Planorbis zone (Het-

tangian) when it is locally common. In like manner it is found

in all stages until the U. Pliensbachian. Toarcian records are

limited to two specimens • from Adderbury, Oxon (BM
L30490) which are almost certainly from the lower part of the

stage. However, Ps. (Ps.) dentatus returns in moderate num-

bers in the Aalenian/Bajocian. A single specimen from the

Parkinsoni zone (BM L77551) is the last known representa-

tive of the species.

6. GEOGRAPHICRANGE

Ps. (Ps.) dentatus occurs sporadically over the whole of the

European region (text fig. 59) but is unknown from the rest of

the world. Within Europe the patchy distribution of the

species is probably at least in part due to the localised de-

velopment of the favoured Condensed sedimentary facies (see

Section 8). However, gradual migration from an initial Het-

tangian base in S. Europe may also have controlled distribu-

tion. In the Sinemurian the species is only common in the

Rhone (Dumortier, 1867) yet apparently suitable Condensed

facies are well developed in, for instance, the Frodingham

Ironstone of Lincolnshire. The only records from N. Europe

during the Sinemurian are from clays of the Bucklandi zone in

Yorkshire (Täte and Blake, 1876; Simpson, 1884). L. Pliens-

bachian records are more widespread in Continental Europe

yet Ps. (Ps.) dentatus is again conspicuous by its absencefrom

Condensed deposits in England (e. g. the 'Pecten' Beds of

Blockley, Glos., and Scunthorpe, Lines.). With reference toa

hypothetical migration it should however be noted that the

foregoing examples are of horizones in which Ps. (Ps.)

equivalvis, a possible competitor (see Section 8), is abundant.
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In the U. Pliensbachian the ränge of Ps. (Ps.) dentatus ex-

tended north to include England and also spread south to

Morocco (Dubar, 1948). However, in the M. Jurassic the

species was restricted to England despite the development of

apparently suitable Condensed facies, lacking in Ps. (Ps.)

equivalvis, in other areas (e. g. S. Germany and France).

7. DESCRIPTION OF ECOLOGY

Ps. (Ps.) dentatus is quite common in the Planorbis zone

(Hettangian) of the Rhone basin where it reaches a maximum

height of 35 mm(Dumortier, 1864). A general impression

gained from the literature is that forms with plical counts in

the upper part of the ränge of Variation may be more common

than at later horizons in the stratigraphic ränge (see Sec-

tion 4). The associated Sediments are ferruginous limestones

with a diverse fauna of ammonites, crinoids and corals to-

gether with the bivalves Cblamys (Ch.) valomensis, Ch.

(Ch.) pollux, Plagiostoma, Plicatula and Cardinia. In the

same region Ps. (Ps.) dentatus becomes very common in the

Oxynotum zone (Sinemurian) which is represented by a max-

imum of 8 tri of limestone. Large, well preserved specimens

occur with abundant 'Terebratula', ammonites and the

bivalves Cardinia and Gryphaea (Dumortier, 1867).

In the Jamesoni zone (L. Pliensbachian) of the Pyrenees,

Ps. (Ps.) dentatus is locally common enough to form

lumachelles containing specimens up to a maximum height of

70 mm(Dubar, 1925). In this region the whole substage is

Condensed into a 2-3 msuccession containing abundant am-

monites and the pectinids Ch. (Ch.) textona, Entolium (£.)

lunare and Weyla. Ps. (Ps.) equivalvis is notable by its ab-

sence.

Ps. (Ps.) dentatus occurs abundantly in reefal deposits in

the U. Pliensbachian of Morocco where it is associated with

corals, algae, brachiopods and large bivalves of the genera

Lithiotis, Opisoma and Pachyrisma (Dubar, 1948). Ps. (Ps.)

veyrasensis also occurs but Ps. (Ps.) equivalvis is absent. Ps.

(Ps.) dentatus is found, albeit rather less commonly, in non-

reefal micritic limestones in N. Africa and Provence where it

is often associated with accumulations of rhynchonellid and

terebratulid brachiopods (Lanquine, 1929). In the U. Pliens-

bachian of England, Ps. (Ps.) dentatus only occurs in any

numbers in deposits of the Spinatum zone in Oxfordshire,

Northamptonshire and Somerset, where it reaches a max-

imum height of 55 mm(BM 20719). The Sediments are

chamositic oolites, locally sandy, containing a fauna domi-

nated by the brachiopods Tetrarhynchia tetrahedra and

Lobothyris punctata. E. (£.) lunare, Ps. (Ps.) veyrasensis and

Ps. (Ps.) equivalvis also occur but the last is much less com-

mon than in contemporaneous deposits further north (e. g.

Cleveland Ironstone) where Ps. (Ps.) dentatus is absent.

In the M. Jurassic Ps. (Ps.) dentatus isonly known to occur

in any numbers in the Condensed ironshot limestones of the

Aalenian/Bajocian in Somerset and Dorset where it attains a

maximum height of 38 mm(BM 52121). The associated fauna

is dominated by terebratulid and rhynchonellid brachiopods

and the bivalves Astarte, Pholadomya and Tmgonia.

Apart from the occurrences discussed above Ps. (Ps.) den-

tatus is a rare species. Wher it is found over a broad

palaeolatitudinal ränge, as in the U. Pliensbachian, the

species seems to be more common towards the south.

8. INTERPRETATION OF ECOLOGY

It is apparent from Section 7 that environments of relatively

high temperature and low turbidity were favourable to Ps.

(Ps.) dentatus. The former view is evidenced by the relative

abundance of the species in low palaeolatitudes while the lat-

ter view is evidenced by the large size and frequent abundance

in Condensed sequences where a combination of slow

Sedimentation and early diagenetic cement formation proba-

bly reduced turbidity (see p. 71). The association with her-

matypic corals, which are unable to tolerate high turbidity,

can presumably be explained on the same basis, while the ex-

treme rarity of the species in the Toarcian can be Seen to be the

consequence of the widespread development of expanded clay

facies, producing turbid waters and possibly soupy Sub-

strates.

Reef deposits and some of the Condensed sequences (e. g.

M. Lias chamosite oolites and the Aalenian/Bajocian ironshot

limestones of England) were probably characterised by high

environmental energy as well as low turbidity. However,

others (e. g. those in the L. Lias of S. France) were probably

formed under more tranquil conditions, indicating that rapid

water movement was not a prerequisite for Ps. (Ps.) dentatus.

Indeed the absence of the species from a number of apparently

suitable Condensed sequences (see Section 6) coupled with its

occasional presence, in moderate numbers, in expanded

limestone sequences suggests that low turbidity may not have

been the sole or even most important factor Controlling dis-

tribution. The association with numerous brachiopods in

both high and low energy environments is unusual for a Juras-

sic pectinid and some reliance on the presence of the latter

group, perhaps for provision of firm Substrates for the byssal

attachment of the juvenile (see Section 9), may thus explain

the localised occurrence of Ps. (Ps.) dentatus. Another ex-

planation may be provided by competition with the eurytopic

species Ps. (Ps.) equivalvis whose numbers are inversely cor-

related with those of Ps. (Ps.) dentatus in Sediments whose

physical environment of deposition would appear to have

been suitable for both species. Competition with Ps. (Ps.)

equivalvis in such environments could account for the rarity of

Ps. (Ps.) dentatus in the L. Lias of N. Europe and thus ob-

viate the need to invoke a migration from a more southerly

source (see Section 6). There is no evidence for competition

with Ps. (Ps.) veyrasensis Entolium (E.) lunare, Chlamys or

Weyla (see p. 71 ).

It must be admitted that a unified explanation for the

patchy distribution of Ps. (Ps.) dentatus is still wanting and a

more detailed study of its palaeoecology might be expected to

reveal some critical aspect of stenotopy which has hitherto

gone undetected.

9. FUNCTIONALMORPHOLOGY

In Ps. (Ps.) dentatus moderate adult size and shell thickness

appear to represent a compromise between the opposing

paradigms for reclining in both high and low energy environ-

ments. The firm Substrates usually occupied under such con-

ditions (see Section 8) perhaps also allowed the development

of a relatively convex shell with its attendant strengthening

and stiffening attributes by reducing the danger, to which

such a shape is susceptible, of sinking into the Substrate. The



77

increased mechanical efficiency thus acquired could account

for the smaller number of plicae relative to the less convex

species Ps. (Ps.) equivalvis. The occasional presence of Ps.

(Ps.) dentatus in expanded micrite sequences does not how-

ever support the foregoing interpretation of morphology as

an adaptation to a reclining mode of life. The moderate shell

size and convexity would have been poorly suited to reclining

on the relatively soft Substrates afforded by such Sediments.

Moreover, the large juvenile byssal notch indicates that Ps.

(Ps.) dentatus was byssate for at least the early part of its on-

togeny. The subsequent relative reduction in the size of the

notch indicates that this ability was gradually lost but in the

morphologically similar Recent species Argopecten gibbus

(= Aequipecten gibbus nucleus) byssal attachment continues

to shell heightsof 35 mm(Stanley, 1970). It may therefore be

that at least early representatives of Ps. (Ps.) dentatus (see Sec-

tion 7) were byssate throughout life.

10. ORIGINS AND EVOLUTION

Since Ps. (Ps.) dentatus is recorded in the Planorbis zone its

origins must be sought before the Jurassic. 'Pecten'

coronatiformis Krumbeck (1924) a species described from the

U. Trias of Timor with vertically striated disc flanks and ven-

trally tongueing growth lines in the sulci, seems the most

likely ancestor. Krumbeck's species differs from Ps. (Ps.) den-

tatus only in the possession of angular plicae on the right

valve and rounded plicae on the left valve.

Within Ps. (Ps.) dentatus maximum height shows no sig-

nificant overall phyletic change in the passage from the Het-

tangian (30 mm) to the L. Pliensbachian (70 mm) to the U.

Pliensbachian (55 mm) to the Aalenian/Bajocian (38 mm).
There is, however, limited evidence (see Section 4) for phyle-

tic change in the pattern of plical variability, Hettangian

populations seeming to have a higher mean number of plicae.

Later populations may have been subject to character dis-

placement consequent upon competition with Ps. (Ps.) equi-

valvis (see Section 8), a species having a higher modal

number of plicae (22 cf. 17/18) which only became abundant

in the Sinemurian. Much more detailed analysis of Hettangian

populations is needed to establish the reality of the phyletic

change and a test of the character displacement hypothesis

through an analysis of Aalenian/Bajocian populations

(which, if character displacement has been operative, should

show an increased mean number of plicae dueto thedeclineof

Ps. (Ps.) equivalvis) is also required. The lack of an obvious

functional basis for character displacement in this example

need not be viewed as evidence against its action. Most re-

ported cases (e. g. Russell, 1972; Schindel and Gould, 1977)

can only be explained by invoking selection of a pleiotropic

gene which also codes for a significant but undetected

physiological difference.

It is by no means clear how an apparently stenotopic and

geographically restricted species such as Ps. (Ps.) dentatus

managed to re-establish itself after a drastic reduction in num-
bers through the widespread development of unfavourable

facies in the Toarcian, when the relatively eurytopic and cos-

mopolitan Ps. (Ps.) equivalvis suffered a similar decline

which apparently led to its extinction (see p. 73). Neither is

a convincing deterministic explanation available to account

for the Bajocian extinction of Ps. (Ps.) dentatus although it

could relate to the extinction of some commensal species (see

Section 8).

Pseudopecten (Pseudopecten) veyrasensis (Dumortier 1 864)

PI. 2, Figs. 19-21;textfigs. 62 (pars), 63

Synonymy

? 1855 Pecten aequiplicatus sp. nov; TERQUEM,p. 323,

pl. 23, fig. 5.

1864 Pecten veyrasensis sp. nov; DUMORTIER, p. 163,

pl. 24, fig. 15.

1869 Pecten Julianus sp. nov; DUMORTIER, p. 307,

pl. 40, fig. 1.

1869 Pecten Humberti sp. nov; DUMORTIER, p. 308,

pl. 40. fig. 2.

? 1872 Pecten Bersaskensis sp. nov; TlETZE, p. 106, pl. 6,

fig. 3.

1878 Pecten heterotus sp. nov; Gemmellaro and Dl

Blasi in Gemmellaro, p. 391, pl. 30, figs. 3-5.

1878 Pecten isoplocus sp. nov; GEMMELLAROand Dl

Blasi in Gemmellaro, p. 392, pl. 30, figs. 6, 7.

1886 Pecten Seguenzae sp. nov; Dl STEFANO, p. 135,

pl. 4, figs. 31-33.

1892 Pecten convexus Parona; Parona, p. 16, pl. 1,

fig. 4.

non 1904 Chlamys aequiplicata (TERQUEM); Cossmann,

p. 503, pl. 16, fig. 15.

/926 Chlamys Humberti (Dumortier); Roman,

p. 113.

1929 Pecten (Pseudopecten) julianus DUMORTIER;Lan-

QUINE, p. 131.

1932 Pecten cf. Juluxnus DUMORTIER; TZANKOVand

BONCEV,p. 231, pl. 1, fig. 10.

non 1936 Aequipecten aequiplicatus (TERQUEM); DECHAS-

EAUX, p. 41.

1948 Pecten (Chlamys) äff. bersaskensis TlETZE; Du-
BAR, p. 162, pl. 14, figs. 4a, 4h.

1948 Pecten (Aequipecten) Julianus DUMORTIER; Du-
BAR, p. 163, pl. 13, figs. 13a, 13b.

non 1973 Chlamys (Aequipecten) aequiplicata (TERQUEM);

Lentini, p. 27, pl. 15, fig. 3.

The type material of Pecten Veyrasensis Du-

mortier 1864, p. 163, pl. 24, fig. 15 may be

in MHNL. Dumortier cites the following

dimensions: H: 20, L: 20, C/2: 5, UA: 93.

The material was derived from the M. Lias

(U. Pliensbachian) of Ardeche.

1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'Testa orbiculari, compressa, costata, costis circa 13 an-

gularis latis, rugis transversis impressis, quae in medio cos-

tarum angulosae sursum ascendunt, intervallis profunde im-

pressis, foraminatis.

Dimensions: longeur 20 millim., Iargeur20 millim., epais-

seur 5 millim.
1

/ 2 , ouverture de l'angle apical 93°.

Coquille arrondie, epaisse, portant environs 1 3 cötes, gros-

ses, carenees, ornees de rides saillantes, en chevrons, dont le

sommet est dirige en haut. Les sillons qui separent les Cötes

sont etroits et profonds, et commeles chevrons qui ornent les

cötes viennent s'y rencontrer, il en resulte que ces sillons ne

sont qu'une serie de petites cavites resserrees entre les extrem-

ites de ces chevrons. Entre la derniere cöte et la bord de la

coquille il existe une petite area, ornee de stries transverses.
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Le bord cardinal est droit- L'oreille anterieure grande, or-

nee de stries verticales sinueuses et fortement enchancree pour

le passage du byssus: oreille posterieure. . . La coquille est

fortement sinueuse dans la region palleale. Ce Pecten est pre-

cieux, parce que grace sa livree riche et compliquee, il est tou-

jours reconnaissable, meine dans ces fragments. II parait spe-

cial aux depöts de l'Ardeche: je Tai recueilli a Veyras, dans les

couches remplies de tiges du Neuropora socialis, si remarqu-

able de cette localite.

Localite: Veyras. r. Explication de la figure: PI. XXIV,

fig. 1 5, Pecten Veyrasensis de Veyras, grossi deux fois. De ma

collection.'

2. AMENDEDDIAGNOSIS

Distinguished from Ps. (Ps.) dentatus and Ps. (Ps.)

equivalvis by the lower modal number ofplicae (14 cf. 17/18

and 22 respectively) and from the latter also by the vertically

striated disc flanks and down-sulcal tongueing of the comar-

ginal stnae.

3. AMENDEDDESCRIPTION

Essentially similar to Ps. (Ps.) dentatus, differing only by

the diagnostic feature (see Section 2), the ränge of plical Varia-

tion (12-15, text fig. 62) and by the tendency to develop a rec-

tilinear plical form on the shell interior (PL 2, Fig. 21). The

maximum height is 74.5 mm(GPIG).

4. DISCUSSION

The specific name applicable to the ränge of forms making

up the left-hand peak of text fig. 62 is a matter of some uncer-

cainty. Apparently, the earliest description of a species within

the 12-15 plicae ränge is 'Pecten' aeqmplicatus Terquem. Al-

though the text specifies the relatively uncommon number of

1 2 plicae the figure illustrates a more typical specimen with 1

5

plicae. However, Terquem also referred to small spines on the

left valve and subsequent applications of the name, by authors

who may have had access to the type material, have been to

forms with 12 plicae and spines (Dechaseaux, 1936) or 10

plicae (Lentini, 1 973) which suggest that 'P. ' aeqmplicatus is

a poorly figured junior synonym of Spondylopecten (Plesio-

pecten) subspinosus. In contrast, Cossmann (1904) has figured

a specimen with 16 plicae under Terquem's species which

suggests that 'P. ' aequiplicatus is an extreme variant of

Ps. (Ps.) dentatus. In view of this ambiguous usage and in the

lack of knowledge concerning the whereabouts of the type

material, it seems best to rule out Terquem's species as a can-

didate for the name of the species described in Section 3. The

next available name is 'P. ' Veyrasensis Dumortier. The origi-

nal description (see Section 1 ) specifies 1 3 plicae although the

figure shows a more typical number of 14. Dumortier's

species 'P.' Julianus and 'P.' Humberti, with 12 and 14

plicae respectively, fall within the ränge of Variation and ex-

hibit no other distinguishing features.

The original description of 'P. ' Bersaskensis Tietze

specifies 16 plicae (outside the ränge of Ps. (Ps.) veyrasensis)

but since the figure depicts only 15 plicae and specimens with

1 4 plicae are referred to Tietze's species by Dubar ( 1 948), it is

possible that 'P. ' Bersaskensis is a synonym of Ps. (Ps.) vey-

rasensis. However, the width of the sulci and shallowness of

the byssal notch may justify a distinction, although this ap-

pearance could be due to reversed printing of a copper engra-

ing (see p. 17).

'P. beterotus and 'P.' isoplocus Gemmellaro and Di Blasi

exhibit 13-14 and 14 plicae respectively, and both have the

moderately high disc flanks, rounded right valve plicae and

angular left valve plicae characteristic of Ps. (Ps.) veyrasensis.

TV Seguenzae Di Stefano with 14-15 plicae is similarly in-

separable.

The original description of 'P. ' convexus Parona has

proved impossible to trace but Parona's (1892) subsequent

use of the name is for a specimen whose figure is indisting-

uishable from Ps. (Ps.) veyrasensis.

^ \g
c<zy

Text fig. 63: Pseudopecten (Ps.) veyrasensis - European distribution.



79

5. STRATIGRAPHIC RANGE

Ps. (Ps.) veyrasensis apparently first occurs in the Angulata

zone (Hettangian) of the Rhone, where it is fairly common
(Dumortier, 1 864). There are no unequivocal Sinemurian rec-

ords although numerous specimens are recorded from an un-

specified horizon in the Hettangian/Sinemurian sequence of

Sicily (Gemmellaro, 1878). L. Pliensbachian records are re-

stricted to 6 specimens (BM L92958-63) from the Jamesoni

zone of the latter area but the species becomes locally quite

commonagain in the U. Pliensbachian. There are no records

after the Spinatum zone.

6. GEOGRAPHICRANGE

Ps. (Ps.) veyrasensis is unknown outside the European

region. Within Europe (text fig. 63) the limited available data

(with unequivocal Hettangian records being restricted to the

Rhone and U. Pliensbachian records extending from

Morocco to England) suggests a distribution pattern mirror-

ingthatof Ps. (Ps.) dentatus, thusanorthwardmigrationmay

have occurred (however see p. 76).

7. DESCRIPTION OF ECOLOGY

Ps. (Ps.) veyrasensis is quite common in the Condensed

ironshot lumachelle (Angulata zone) of the northern Rhone

basin where it attainsamaximum height of 27 mm(DM). The

diverse associated fauna includes Entolium (E.) lunare, Pinna,

Plicatula and Cardima. In the Hettangian/Sinemurian of

Sicily, Gemmellaro (1878) records 23 specimens of Ps. (Ps.)

veyrasensis (H max : 20) from limestones with a diverse neritic

fauna dominated by gastropods, the bivalve 'Modiola', and

the brachiopods Spiriferina and Rhynchonella. From the

same area Di Stefano (1886) records Ps. (Ps.) veyrasensis

from an unspecified horizon in the Trias/L. Lias. 6 specimens

(BM L92958-63) labelled 'Jamesoni zone, Sicily' may have

been the basis for Di Stefano's record and allow a more accu-

rate stratigraphic positioning since they are named

'P.' Seguenzae, his synonym for Ps. (Ps.) veyrasensis (see

Section 4). Di Stefano describes an associated fauna consist-

mg mamly of ammonites, spinfend, terebratuhd and rhyn-

chonelhd brachiopods and the bivalves Entolium (E.) lunare,

Oxytoma, Pinna, Plicatula, Modiolus and Pholadomya.

In the U. Pliensbachian of Morocco Ps. (Ps.) veyrasensis

occurs in reefal deposits (fauna p. 76) where it reaches a height

of ca. 30 mm(Dubar, 1948). Ps. (Ps.) dentatus is a notable

associate, as it is in non-reefal micntes in N. Afnca and

the Rhone Basin and in locally sandy Condensed chamosite

oolites of the Spinatum zone in Northamptonshire, Oxford-

shire and Somerset (fauna p. 76) in which Ps. (Ps.) equival-

vis is a relatively rare species compared to similar contem-

poraneous deposits further north. The maximum height of

Ps. (Ps.) veyrasensis in the Enghsh occurrences is 24.5 mm
(SM J40211) but an isolated specimen from the U. Pliens-

bachian of Normandy has a height of 74.5 mm(GPIG).

Other than where indicated above Ps. (Ps.) veyrasensis is a

rare species. The limited available data suggests that it is more

common in the southern parts of its geographic ränge.

8. INTERPRETATION OF ECOLOGY

Ps. (Ps.) veyrasensis occurs in much the same sedimentary

and faunal associations as Ps. (Ps.) dentatus thus a similar

ecological Interpretation can be applied (see p. 76). The fact

that the species often co-occur might be adduced to be further

evidence for the view (see p. 60) that they in fact constitute

polymorphs of the same species. However, the fact that

morphs attributable to Ps. (Ps.) veyrasensis are unknown after

the U. Pliensbachian while those attributable to Ps. (Ps.)

dentatus are found in the M. Jurassic is difficult to Interpret

on this basis. Nevertheless the subtle ecological difference

which presumably prevents inter-specific competition re-

mains to be demonstrated.

9. FUNCTIONALMORPHOLOGY

Since Ps. (Ps.) veyrasensis is identical to Ps. (Ps.) dentatus

in almost all aspects of morphology a similar mode of life can

be inferred (see pp. 76, 77). Whether thev are considered as

polymorphs or separate species, a functional explanation for

the difference in number of phcae in the two forms is difficult

to envisage. Any savingin weight leading to improved swim-

ming ability through the lower number of plicae in Ps. (Ps.)

veyrasensis would have been offset by the reduced shell

strength and stiffness incurred through the longer phcal

wavelength. It seems more likely that the number of plicae

had no functional significance but was controlled by a pleio-

tropic gene which also coded for a selectively significant

physiological difference. Small differences in the mean

number of ribs in closely related Recent species of Cardium

have been accounted for in a similar way (Russell, 1972).

10. ORIGINS ANDEVOLUTION

Ps. (Ps.) veyrasensis almost certamly evolved from Ps. (Ps.)

dentatus but since there is no evidence for heterochrony,

speciation presumably involved a major change in the

genome. There is a strong Suggestion that Ps. (Ps.) veyrasensis

arose sympatrically in the Rhone basin during the Angulata

zone.

The apparent stenotopy of Ps. (Ps.) veyrasensis (see Sec-

tion 8) combined with phyletic increase in height from

27 mm(Hettangian) to 74.5 mm(U. Pliensbachian) indicates

the prevalence of '
K' selection for increased trophic efficiency

(Gould, 1977).

The post U. Pliensbachian extinction of the species almost

certainly relates to the widespread development of unfavour-

able bituminous shale facies in the L. Toarcian.

Subgenus ECHINOPECTENBrasil 1895

Type species. OD; Brasil 1895, p. 12; Pecten barbatus

J. Sowerby 1819, p. 53, pl. 231; Aalenian, Normandy.

AMENDEDDIAGNOSIS

RV generally flatter than LV and bearing long, depressed

spines. Jur. (Toar.-Baj.), Eu., S. Am.
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DISCUSSION

HhRTLEiN (1969: N372) contended that Ps. (Echinopecten)

could be traced back to the Hettangian. This may be a result of

the inclusion of 'Pecten' pollitx d'Orbigny within the sub-

genus. Although the latter has spines on the right valve, the

presence of similar Ornament on the left valve is unlike the

type species. There is no other evidence to suggest that the

species are related and 'P.' pollux is in fact almost certainly

descended from a species of Chlamys, within which genus it is

therefore included. The stratigraphic ränge of Ps. (Echinopec-

ten) is consequently herein regarded as Toarcian - L. Bajo-

cian.

1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'Orbicular, depressed, transversely striated; rays 14, those

upon one valve spinöse; spines long, acute, depressed; ears

nearly equal.

The spinöse valve is the Hattest; the Striae upon it are sharp,

and much elevated upon the sides of the rays, from whence

they curve into the bases of the spines, of which there are ab-

out 5 to each ray. The rays upon the other valve are convex,

equal in width to the space between them, and crossed by less

elevated Striae than those upon the spinöse valve. The sides of

both valves, near the ears, are perpendicular and neatly pectin-

ated.'

Pseudopecten (Echinopecten) barbatus (J. Sowfrby 1819)

PI. 2, Figs. 15-18; text figs. 64-66

Synonymy

1819 Pecten barbatus sp. nov; J. SOWERBY, p. 53,

pl. 231.

? 1833 Pecten barbatus J. SOWERBY;GOLDFUSS, p. 48,

pl. 90, fig. 11.

1850 Pecten barbatus J. SOWERBY;D'ORBIGNY, v. 1,

p. 284.

v* 1850 Pecten erebus sp. nov; D'ORBIGNY, v. 1, p. 284

(BOULE, 1910, v. 4, p. 68).

1858 Pecten barbatus J. Sowerby; Oppel, p. 420.

1867 Pecten barbatus J. SOWERBY;WAAGEN,p. 631.

1868 Pecten Coquandi sp. nov. JAUBERT, p. 235.

1874 Pecten barbatus J. SOWERBY;DuMORTIER, p. 199,

pl. 44, fig. 6, p. 310, pl. 42, fig. 5.

1886d Pecten limpus sp. nov; De GREGORIO, p. 21,

pl. 13, fig. 7.

1886 Pecten barbatus J. SOWERBY;ROTHPLETZ, p. 36.

1893 Pecten cfr. barbatus J. SOWERBY;BOTTO-MlCCA,

p. 174.

1895 Pecten (Echinopecten) barbatus J. SOWERBY;

BRASII , p. 12.

1899 Pecten barbatus J. Sowerby; Greppin, p. 120,

pl. 12, fig. 5.

1911 Pecten erebus D'ORBIGNY; ROLLIER, p. 266.

79/6 Aeqmpecten barbatus (J. SOWERBY); RlCHARD-
SON, pp. 473, 497, 49S, 513, 515.

1917 Aeqmpecten barbatus (J. SOWERBY); PARIS and

RlCHARDSON,p. 521.

1927 Aequipecten barbatus (J. SOWERBY); RlCHARD-
SON, pp. 53, 57.

1929 Pecten (Aequipecten) barbatus J. SOWERBY;
LANQUINE, pp. 199, 300.

1936 Aeqmpecten barbatus (J. SOWERBY); DECHAS-
ealix, p. 58.

1950 Cblamys (Aequipecten) barbata (J. SOWERBY);

CHANNON,p. 247.

Lectotype of Pecten barbatus J. Sowerby

1819, p. 53, pl. 231 herein designated; BCM
C2281 . 1 (the specimen depicted in the lower

two figures of J. Sowerby's pl. 231); Inferior

Oolite (Aalenian/Bajocian/pars Bathonian),

England (see p. 81). Paralectotype; BCM
C 2281 .2 (the specimen depicted in the upper

figure of Sowerby's pl. 231); also Inferior

Oolite, England.

2. AMENDEDDIAGNOSIS

Distinguished from all other species of Pseudopecten by

the presence of long spines on the right valve.

H
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Text fig. 65: Pseudopecten (Echinopecten) barbat us - height/um-

bonal angle.

Exteriorof both valves exhibiting 13-14 radial plicae, usual-

ly 14 on right valve, 13 on left. Plicae equal in width to sulci,

angular on right valve, rounded on left. On left valve both

plicae and sulci traversed by comarginal Striae (PI. 2, Fig. 16).

On right valve only flanks of plicae bearing comarginal Orna-

ment but latter more pronounced than on left valve (PI. 2,

Fig. 17). At shell heights above about 20 mmplicae on right

valve also ornamented with ventrally directed spines up to

10 mmin length, usually spaced at intervals of about 5 mm
(PI. 2, Fig. 17).

Plicae rectilinear in form on shell interior. Shell thickness

moderate.

4. DISCUSSION

Ofthe t wo syntypesof 'Pecten ' barbat us J. SowERBYinthe

BCM, the bivalved specimen (C2281.1) is herein selected as

lectotypeand the other specimen (C2281.2), a right valve seen

from the interior, becomes, ipso facto, the paralectotype.

The figure of '/>.
' barbat us J. Sowerby; Goldfuss differs

markedly from the species described in Section 3 by exhibit-

ing 19 plicae and high H/L and H/UA ratios (1). This may,

however, be due to a draughting error and in the absence of

the original (apparently destroyed during the 2nd. World

War) it is impossible to say whether Goldfuss' hypodigm dif-

fered from that of J. Sowerby, and thus whether his use of

'P. ' barbatus should be excluded from the synonymy.

The sole observed syntype of 'P. ' erebus d'Orbigny

(MNO2624A; PI. 2, Fig. 15; 2) from the Bajocian, is a stein-

kern showing the impression of 14 plicae which are rectilinear

in form. In spite of the absence of the diagnostic external

spines this feature aligns 'P.' erebus with Ps. (Ec.) barbatus

because no other Bajocian pectinids with plicae of this shape

and number are known.

No supporting figure was provided in the erection of

'P. ' Coquandi Jaubert. This species, from the Toarcian of

Provence, was said to differ from 'P. ' barbatus by the paucity

of spines on some parts of the shell. Since this is a feature of

the left valve and early ontogenetic stages of the right valve in

J. Sowerby's species, Jaubert's diagnosis is inadequate. In

fact, Lanquine (1929) has subsequently examined the latter's

syntypes and pronounced them to be inseparable from

J. Sowerby's species.

The figure of 'P. ' limpus De Gregorio apparently depicts a

specimen of Ps. (Ec.) barbatus whose spines have been re-

moved by abrasion.

5. STRATIGRAPHIC RANGE

Ps. (Ec.) barbatus first occurs, albeit rather rarely, in the

Toarcian of Provence (Jaubert, 1868; Lanquine, 1929), the

Rhone basin (Dumortier, 1874) and possibly N. Italy (De

Gregorio, 1886d). The earliest records appear to be from the

Bifrons zone (L. Toarcian). Subsequently the species be-

comes locally common in the Aalenian and L. Bajocian. BM
66826, from the Laeviuscula zone, is the latest unequivocal

zonally defined record of Ps. (Ec.) barbatus. However, Paris

and Richardson (1917) considered that the specimen herein

designated as lectotype (see Section 4) was, by the evidence of

the matrix, probably derived from the Sauzei zone of Dun-
dry, near Bristol. It may therefore be that some of the many
museum specimens labelled 'Inferior Oolite' from this and

other localities in S. England are also derived from the Sauzei

zone. It seems unlikely that any specimens are derived from

later parts of the Bajocian.

6. GEOGRAPHICRANGE

Ps. (Ec.) barbatus is unknown outside Europe. Within

Europe (text fig. 66) its distribution is patchy and largely re-

stricted to S. England and France. This is probablv due to the

localised development of the appropriate sedimentary facies

(see Section 8). There is some evidence for a migration from

an initial centre in S. France. Unequivocal Toarcian records

are limited to the latter area. Subsequent records from the

Opalinum zone of the Aalenian also include specimens from

N. Italy (Botto-Micca, 1893) and Dorset (Richardson,

1927). However, Ps. (Ec.) barbatus did not spread into

northern Europe in numbers until a later date, despite the

widespread development of the appropriate sedimentary

facies. Thus the Concavum zone marks the first occurrence of

numerous specimens in Normandy (Brasil, 1895) while Ps.

(Ec.) barbatus did not occur widely in S. England until the

Discites zone of the L. Bajocian (Paris and Richardson,

1917).

7. DESCRIPTION OF ECOLOGY

In the Toarcian and Aalenian of Provence Ps. (Ec.) bar-

batus is found in coarse, occasionally sandy, ferruginöus

limestones containing chert nodules. Associated faunal ele-

ments are predominantly terebratulid and rhynchonellid

brachiopods although gastropods and the bivalves Pro-

peamussium (P.) laeviradiatum, Entolium (E.) corneolum,

Plagiostoma, Gervillia, Modiolus, Gryphaea, Astarte,

Pholadomya and Pleuromya also occur (Lanquine, 1929).

Ps. (Ec.) barbatus occurs with a similar fauna (to which is add-

ed P. (P.) pumilum) in the thin, partly phosphatised, and

locally conglomeratic limestones of the Aalenian (Concavum
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Text f ig. 66: Pseudopecten (Echmopecten) ba.rba.tm - European distribution.

zone) in Normandy (Brasil, 1895). The species is absent from

deposits of the same age in S. Germany which are developed

as an expanded shale sequence passing upwards into sand-

stones and chamosite oolites.

In the Laeviuscula zone (L. Bajocian) of Provence Ps. (Ec.)

barbatus is quite commonand occurs with a fauna similar to

that described above (with the addition of Ctenostreon) in

hard ferruginous limestones. The fossils are heavily corroded

and phosphate coated, particularly at a hardground horizon

where glauconite and limonite mineralisation has also taken

place (Lanquine, 1929). Deposits of similar age in S. England

(Discites-Sauzei zones) are developed as Condensed ironshot

sandy limestones locally containing exogenous limestone

pebbles. Ps. (Ec.) barbatus is quite common and P. (P.)

laeviradiatum is a frequent associate in a fauna much the same

as that from Provence (Richardson, 1916). Contemporane-

ous deposits in S. Germany consist of Condensed marly ool-

ites from which Ps. (Ec.) barbatus has yet to be recorded. The

species is also absent from the deep water pelagic limestones

of the peri-Mediterranean region. The only records from the

latter area are from Provence (see above) and the Aalenian of

the Italian Alps (De Gregorio, 1886d; Botto-Micca, 1893)

where a few specimens have been found in Condensed de-

posits, probably formed on a submarine rise (fauna p. 31).

The few other records of Ps. (Ec.) barbatus appear also to be

from Condensed facies.

8. INTERPRETATION OF ECOLOGY

Ps. (Ec.) barbatus frequently occurs with the stenotopic

pectinid Propeamussium (P.) laeviradiatum and reference

should be made to the analysis presented for this species (p.

31) for a complementary and more detailed Interpretation

of synecology.

The coarse-grained, Condensed deposits in which Ps. (Ec.)

barbatus usually occurs are indicative of high energy condi-

tions with a low sediment input. Corroded fossils and local

non-sequences provide evidence of active erosion, perhaps as

a result of storms. The extensive mineralisation associated

with slow deposition probably led to the formation of a firm

Substrate and may also have promoted the local development

of hardgrounds.

The associated benthic fauna is characterised by adapta-

tions for stability in the face of high environmental energy.

The adaptations of the epifauna are discussed on p. 31. Less

common infaunal elements are characteristically deep bur-

rowing bivalves (Pleuromya, Pboladomya) which were prob-

ably able to avoid the risk of exhumination by living below the

base of storm erosion. Genera which probably hved semi-

infaunally (Plagiostoma, Gervillia, Modiolus) can be adduced,

by analogy with Recent analogues (Stanley, 1970), to have

attained stability by virtue of a strong byssus.

The absence of Ps. (Ec.) barbatus from Condensed oolites,

such as are developed in the Aalenian and Bajocian of S. Ger-

many, is probably because the shifting nature of such Sedi-

ments created an unfavourable environment. The develop-

ment of spinöse Ornament on the right valve was probably

made at the expense of swimming abiliry (see Section 9), thus

occupation of a mobile Substrate would have rendered Ps.

(Ec.) barbatus extremely susceptible to sediment swamping.

Moreover, loose ooliths would have probably afforded a poor

anchorage for the spines. Deep water pelagic limestones were

probably unfavourable to Ps. (Ec.) barbatus as aconsequence

of their soupy nature at the time of deposition, leading to the

danger of sediment swamping. The absence of Ps. (Ec.) barb-

atus from expanded coarse-grained sequences (as in the

Aalenian of S. Germany) indicates that the favourability of

Condensed coarse-grained Sediments for the species lay in

their low turbidity rather than high energy depositional en-

vironment.

The usual occurrence of Ps. (Ec.) barbatus in only moder-

ate numbers with a high diversity fauna suggest that it was an

equilibrium species (Levinton, 1970).

9. FUNCTIONALMORPHOLOGY

The following features are paradigmatic for a bivalve living

in a high energy environment with a reclining habit when

adult.
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1

.

Large adult size

2. Thick shell

3. Strongly ornamented lower valve

4. Smooth upper valve

5. Low convexity

Of these, Ps. (Ec.) barbatus exhibits features 3, 4 and, to

some extent, 5. The strongly spinöse and eomarginally

striated right valve represents, in bioeconomic terms, an effi-

cient means of gripping the Substrate in the high energy en-

vironments occupied by the species. Presumably environ-

mental energy was never so high as to also necessitate the de-

velopment of a large thick shell for stability whilst reclining.

The possibility that the spines might represem a 'snow-shoe' adap-

tation such as has been suggested for Spondylus in the Chalk by

CARTER(1972) can beruled out because the Substrates occupied by

Ps. (Ec.) barbatus were almost certainly firm (see Section 8).

Furthermore the relatively small size of the spines would have

tended to localise rather than spread the weight of the shell. In fact

P. WOODROOF(pers. comm., 1977) reports that Spondylus is

more common in the Cretaceous in coarse grained firmground de-

posits rather than the typical Chalk lithology which is indicative of

a soupy Substrate at the time of deposition.

The moderately large juvenile byssal notch indicates that

stability was attained through byssal fixation early in on-

togeny. Spines are absent in the juvenile and the size at which

these are first secreted (H: 20) may correspond to that at

which current-generated overturning moments became too

great for a byssus to be profitably employed.

Although the development of both dorsally directed spines

on the hinge and ventrally directed spines on the disc must

have been highly effective in providing stability against cur-

rents from a wide variety of directions, it must also have sev-

erely impaired swimming ability, such as might have been re-

quired to escape potential predators or sediment swamping

(see Section 8). Any attempt to move dorsally (the 'escape re-

sponse') or ventrally (normal swimming) would have lodged

one or other set of spines even more firmly into the sediment

and thus prevented 'take-off. Moreover, even if the animal

was able to rise from the sea-floor the spines would have still

inhibited swimming by greatly increasing the fnctional drag.

Ontogenetic increase in umbonal angle indicates an attempt to

prolong swimming ability beyond the juvenile stage. How-
ever, it seems likely that late in ontogeny attempted predation

was resisted by a 'siege' policy to which the well developed

plicae contributed by increasing the strength and stiffness of

the shell.

10. ORIGINS AND EVOLUTION

The most likely ancestor for Ps. (Ec.) barbatus is Ps. (Ps.)

veyrasensis. The only major difference between the species is

the existence of spines on the right valve in the former. There

is however no evidence in the form of ancestral allometry to

suggest that the appearance of spines could have been due to

the relatively simple process of heterochrony and trans-

specific evolution may therefore have involved a major change

in the genome. There is a gap of three zones between the first

and last respective appearances of the species and this suggests

that speciation took place outside the main ränge of the ances-

tor (Europe) in accordance with the allopatric model.

No phyletic trends are apparent in Ps. (Ec.) barbatus al-

though a rigorous assessment of the possibility of size change

is precluded by the imprecise stratigraphic localisation of

most museum specimens. The largest specimen (H: 52,

ENSM) is labelled 'Inferior Oolite' (Aalenian/Bajocian).

The post-Sauzei zone extinction of Ps. (Ec.) barbatus has

no convincing deterministic explanation. Locally, as in the

L. Bajocian of Provence, its disappearance is correlated with

the onset of unfavourable marl deposition. However, at least

in Britain, apparently suitable Condensed facies persist into

the U. Bajocian, where Ps. (Ec.) barbatus is unknown.

Genus SPONDYEOPECTENRoeder 1882

Type species. M; Roeder IS82, p. 52;Pecten ci.erinaceus

Buvignier; Roeder 1882, p. 52, pl. 2, figs. 4a-c; Oxfordian,

Alsace.

AMENDEDDIAGNOSIS

Sculptured with number of strong, usually rounded, radial

plicae, spinöse in some species; byssal notch deep; cardinal

area of RVwith narrow median groove (similar to Spondylus)

which continues to ligamental pit; hinge of RVwith 2 promi-

nent thick teeth which fit into corresponding sockets in LV.

(Apparently some species are attached to tip of RV.) Jur.

(Aalen. [?Hettang.]-Tithon.), Eu., Afr., Asia.

DISCUSSION

In his diagnosis Hertlein (1969: N364-365) stated that

spines were restricted to the left valve in Spondylopecten. All

the species here described seem to have had spines on both the

left and right valves. Hertlein considered that the genus was

restricted to reefs but the results of work presented herein

suggest that this was not so. The stratigraphic and geographic

ränge given by Hertlein is also extended herein.

Within the toothed Jurassic pectinids two distinct sub-

groups may be recognised. One has numerous rounded plicae

bearing 2^ rows of spines while the other has fewer, more

angular plicae bearing single rows of spines. There is no direct

evidence to suggest that one group has evolved from the other

and the fact that teeth have been acquired polyphyletically in

various Cenozoic 'Chlamys' species (de Loriol, 1901; Ark-

kell, 1 935a) indicates that there are only grounds of conveni-

ence for uniting the two groups of toothed Jurassic pectinids

within the same genus. They are herein separated at the sub-

generic level; the former group being referred to S. (Spon-

dylopecten) and the latter to S. (Pleisiopecten). Pleswpecten

Munier-Chalmas was considered by Hertlein (1969) to be

synonymous with Spondylopecten Roeder at the generic

level. However, apart from the obvious differences in form of

the type species (respectively typical and sole species of the

two groups delineated above), it has been shown by Arkell

(1935a) that Roeder's original conception of Spondylopecten

did not include the type species of Plesiopecten (cf. p. 90).

There are thus ample grounds for employing Spondylopecten

and Plesiopecten as separate subgeneric categories.
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Subgenus PLESIOPECTENMunier-Chalmas 18S7

Type species. M; Munier-Chalmas in P. Fischer 1887,

p. 994; Pectinites subspinosus Schlotheim 1820, p. 223;

U. Jurassic, S. Germany.

AMENDEDDIAGNOSIS

Spondylopecten with angular plicae Hearing only one row

of spines. Jur. (Aalen. [PHettang.] - Tithon.), Eu., Afr.,

Asia.

DISCUSSION

HERTLEiN(1969)did not recognise Plesiopecten as adiscrete

entity and therefore provided no diagnosis.

Jurassic representatives of S. (Plesiopecten) cannot be sub-

divided so all are herein referred to one species, S. (PL) sub-

spinosus.

Spondylopecten (Plesiopecten) subspinosus (Schlotheim 1820)

PL 3, Figs. 1-5, 7, ?Fig. 6; text figs. 67-72.

v* 1820

? 1833

v 1833

(?) 1850

V* 1850

V* 1850

sp. nov; Schlotheim,

1850
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1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

, Mehrere Exemplare in Hornstein, gleichfalls von Amberg

(12 Ex.).

In der Form dem vorhergehenden ziemlich ähnlich nur viel

kleiner, und höchstens nur einen Zoll im Durchmesser errei-

chend, mit verhältnismäßig ziemlich breiten, mit gekörnten

Querstrichen versehenen Ohren. Von flacherer Wölbung als

der vorhergehende. Beyde Hälften gleichförmig gewölbt, die

Rippen stark hervorspringend, spitzwinklich zulaufend, und

mit kleinen Dornen besetzt. Die sehr feinen eng zusammen

stehenden erhabenen Querrippen sind nur in den Zwischen-

furchen sichtbar, und veranlassen, daß man Einkerbungen

oder vertiefte Punkte in den Zwischenfurchen wahrzuneh-

men glaubt. Ein darunter befindliches zum Theil verkieseltes

Exemplar ist unter den Hornsteinversteinerungen merkwür-

dig. Er scheint in der dortigen Gegend ziemlich häufig zum
Vorschein zu kommen.'

2. AMENDEDDIAGNOSIS

As for diagnosis of subgenus (p. 84).
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Text fig. 67: Spondylopecten (Plesiopecten) subspinosus
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20

H

10

• i

4

, f
?A

i
*

4

1 V

80 90
UA

100

Text fig. 68: Spondylopecten (Plesiopecten) subipmosu

height/umbonal angle.

meeting hinge line and disc at 90°, anterior auricle of left valve

meeting hinge line and disc at an acute angle. Posterior auri-

cles of both valves meeting hinge line and disc at an acute

angle. All auricles sloping from umbo towards opposite valve

(PI. 3, Fig. 4) at a maximum angle of 20°. Anterior auricle of

right valve ornamented with four radial costae.
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Text fig. 69: Spondylopecten (Plesiopecten) subspinosus - convex-

ity/height.

3. AMENDEDDESCRIPTION

Disc sub-orbicular at all ontogenetic stages (text fig. 67),

maximum height 27 mm(BM L68240). Umbonal angle very

variable (text fig. 68) but increasing slowly during ontogeny

to produce slightly concave dorsal margins. Disc flanks high.

Equilateral, umbones projecting slightly beyond hinge

line; equivalve, convexity variable, moderate to high, increas-

ing with approximate isometry (text fig. 69).

Intersinal distance greater in left valve than right. Moderate

byssal notch in right valve becoming relatively smaller during

ontogeny.

Auricles well separated from disc, moderate in size, an-

terior larger*than posterior. Anterior auricle of right valve

Exterior of both valves ornamented with bet ween 1 and 1

3

angular radial plicae (text fig. 70), equal in width to sulci; usu-

ally one more plica in right valve than left. Plicae poorly de-

fined near anterior and posterior margins. Large specimens

may develop additional intercalary plicae (Thurmann and

Etallon, 1862; Yin, 1931). Crests of plicae bearing ventrally

directed spines up to 2 mmin length and spaced at intervals of

about 2 mm(PI. 3, Fig. 3). Sulci traversed by strong comar-

ginal Striae (PL 3, Fig. 3) fading out on the plical flanks and

towards the ventral margins of large specimens (PI. 3, Fig. 7).

Plical cross-section rectilinear and reduced in amplitude on

interior of shell (PL 3, Fig. 5); shell thickness high.

Cardinal area of right valve bearing two peg-shaped crura

(PL 3, Fig. 2), anterior larger than posterior and vertically

striated; corresponding sockets in left valve.
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Text fig. 70: Spondylopecten (Plcsiopecten) subspinosus —frequency

distribution for number of plicae on right valve.

4. DISCUSSION

The 12 syntypesoriginally described by Sc hlotheim(1820)

as 'Pectinites' subspinosus were subsequently added to such

that the Schlotheim collection (HM) now contains 18 speci-

mens under this specific name (Dr. J. Hi l ms, pers. comm.,

197S). The specimens are variably preserved and it is not cer-

tain which constitute the syntypes. However, all appear to be

referable to the species described in Section 3 and this fact to-

gether with the unambiguousness of the description (see Sec-

tion 1) can leave little doubt as to Schlotheim's hypodigm.

Accordingly one of the 18 specimens (HM MB-M. 25.4;

PI. 3, Fig. 1) is herein designed as lectotype and a further 6

specimens (HM MB-M. 25.1-3, 5-7) are selected as paralee-

totypes.

The single observed type ot 'Lima' BcllnLi d'Orbigny

(MNO 3737) and the sole observed type of TV Hedonia

d'Orbigny (MNO2421) with 12 and 13 plicae respectively,

together with the two syntypes of TV Orontes d'Orbigny

(MNO3766) with 1 1 and 13 plicae, all fall within the ränge of

plical Variation in S. (PI.) subspinosus and can be disting-

uished on no other count. Similarly, TV lykosensis K.RI \i

bei k and 'Cbla?nys' ('Aequipecten') Bouillerieri Cossmann,

both with 1 1 plicae, cannot be accorded a specific distinction.

Although the figure of TV aequiplicatus Terquem shows

15 plicae and is similar to Pseudopecten (Ps.) veyrasensis the

text specifies 12 plicae and spinöse Ornament as is characteris-

tic of S. (PI.) subspinosus. Sonic subsequent applications of

Ti rquem's specific name by authors who may have examined

the tvpe material appear tobear out the latter assignation(e. g.

1 entini [1973] for forms with 10 plicae and Dechaseaux

[1936] for forms with 12 plicae and spines). However, Coss-

mann's (1904) usage is for a form with 1 6 plicae which is prob-

ably referable to Ps. (Ps.) dentatus and it is thus conceivable

that 'P. ' aequiplicatus Ti rquem could represent the extremes

of Variation in the latter species. Unfortunately discussion of

the taxonomic position of 'P. ' aequiplicatus is hampered by

the fact that the presence or absence of the cardinal crura diag-

nostic of Spondylopecten has yet to be demonstrated in either

the specimens cited in the bibliographic references above or in

museum specimens from comparable horizons (Lias) ex-

amined by the author (however see Section 5). For the same

reason the taxonomic position of 'P. ' novemplicatus MüN-

STER (a species founded on a fragmentary specimen from the

Lias which must have onginally possessed about 12 plicae) is

also uncertain.

'P. ' Boucbardi Oppel was originallv erected for forms dif-

fering from typical S. (PL) subspinosus only by their greater

convexity and stronger plicae. Staesche (1926), in maintain-

ing a specific distinction, added that such forms were also

characterised by wider sulci lacking in comarginal ornament

but failed to recognise that all four features are correlates of

relatively large size, as is clearly illustrated by his figured

specimen (H: 20.9). 'PL' fusciacensis Lissajous, erected for

large specimens (H max : 27) lacking comarginal ornament in

the sulci, is similarly inseparablefrom 5. (PL) subspinosus and

since the development of intercalary plicae appears to be

another correlate of large size (Yin, 1931), TV Sarmerensis

Etallon cannot be accorded a specific distinction on this

basis.

7'.' Oromedon in Loriol onlv differs from S. (PI.) sub-

spinosus by its more rounded plicae. This is almost certainly

the result of abrasion.

T\ ' lottü Gl vimellaro and Di Blasi was erected for a single

specimen from the L. Lias resembling S. (PL) subspinosus in

its convexity and Ps. (Ps. ) veyrasensis in its number of plicae

(15). Staesi hi (1926) has suggested that it may represent a

transitional form between the two species (but see Sec-

tion 10).

5. STRATIGRAPHIC RANGE

None of the small Lias pectinids with approximately 12

plicae whose greater convexity and more angular plicae merk

a distinction from Ps. (Ps.) veyrasensis, is seen from the in-

terior. It is therefore impossible to say whether the cardinal

crura diagnostic of Spondylopecten are present and thus

whether the specimens in fact constitute examples of S. (PL)

subspinosus. Some of the specimens are devoid of shell (e. g.

GPIG 868-4; PI. 3, Fig. 6) but enough with the remnants of

plical spines (e. g. BML30494) exist to suggest strongly that

all are referable to S. (PL) subspinosus. Of these, the earliest

specimen is from the Hettangian (GPIG). Bibliographic rec-

ords of possiblv conspecific specimens (see Section 4) also

extend back to the Hettangian in the E. Paris Basin (Terquem,

1855; Terquem and Piette, 1865; Dechaseaux, 1936) and the

L. Lias in Sicily (Gemmellaro, 1878; Lentini, 1973). How-

ever, there can be no doubt that if it exists at all, 5. (PL ) sub-

spinosus is a rare species before the M. Jurassic.

Unequivocal Aalenian records are limited to one specimen

from the Opalinum zone (BM L41933) and another from the

Murchisonae zone (BM unnumbered) of Dorset. However,

the species is quite common by the U. Bajocian and in suit-

able facies (see Section 8) it is found thus in all stages to the

U. Tithonian(BoEHM, 1883;Remes, 1903; Faure-Marguerit,

1920; Yin, 1931).
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Text fig. 71 : Spondylopeeten (Plesiopecten) subspinosus - World distribution (Callovian reconstruction)

6. GEOGRAPHICRANGE

In the M. and U. Jurassic 5. (PL) subspinosus has a geog-

raphic ränge extending south from Europe along the southern

shores of Tethys to include about 50° of palaeolatitude (text

fig. 71).

Within Europe (text fig. 72) L. Jurassic records are scat-

tered but widespread. However in the M. and U. Jurassic S.

(PL) subspinosus is restricted to those areas which lay north of

the Tethyan deep water zone and more locally in the U. Juras-

sic its numbers are strongly correlated with the development

of coral reefs (see Section 8). Nevertheless, only three speci-

mens are recorded by Arkell (1935a) from apparently suita-

ble coralliferous facies in Cambridgeshire and Yorkshire and

this suggests that N. England marked the northern limit of

the geographic ränge of S. (PL) subspinosus.

7. DESCRIPTION OF ECOLOGY

Potential early records of S. (PL) subspinosus (see Sections

4, 5) from the Hettangian of Luxembourg (Terquem, 1855)

andE. France (Terquem and Piette, 1865;Dechaseaux, 1936)

are derived from sandstones containing abundant gastropods

and the bivalves Cardinia and Lima together with rarer ex-

amples of Chlamys (Ch.) textoria, Cb. (Ch.) valomensis,

Pseudopecten (Ps.) equivalvis, Entolium (E.) lunare and

Carnptonectes (C.) subulatus.

In the U. Bajocian (Garantiana and Parkinsoni zones) of

Somerset and Dorset, S. (PL) subspinosus occurs quite com-

monly in brown ferrugmous limestones, reaching a maximum
height of 23 mm(BM L845528). The associated fauna is

abundant and diverse, comprising the bivalves

Pseudomonotis, LimatuLi, Trichites, Trigonni, 'Ostrea', Pro-

Text fig. 72: Spondylopecten (Plesiopecten) subspinosus - European distribution.



tocardia and a variety of pholadomyoids together with tere-

bratulid brachiopods, in- and epifaunal gastropods, infaunal

echinoids and rare corals (Richardson, 1917).

Sediments of Aalenian/Bajocian age in Normandy also

contain S. (PL) subspinosus but the exact horizon and facies is

unknown.

Although widespread, the species does not occur cora-

monlv anywhere in Europe during the Bathonian. Rare

specimens reaching a maximum height of 27 mmare recorded

from the Retrocostatum zone (Aspidoides zone of Arkell,

1 956) of the Mäconnais in a Condensed ammonite bed (Lissaj-

OUS, 1923).

S. (PL) subspinosus occurs commonly in the Condensed fer-

ruginous oolites of the Macrocephalus zone (L. Callovian) in

S. Germany and Switzerland (Oppel, 1858; Schlippe, 1888;

Staesche, 1926). The maximum size attained is 21 mm
(GPIT). Deposits of the same age in Cutch (India) are de-

veloped as limestone/shale alternations containing common

5. (PL) subspinosus in association with S. (S.) palinurus and

the 'coarse' and 'intermediate' phenotypes of Cb. (Ch.) tex-

toria, Elsewhere the species is rare in the Callovian but it re-

turns in large numbers in the Oxfordian, particularlv to

E. France and Switzerland where the stage is frequently de-

veloped in reefal facies. S. (PL) subspinosus is particularly

abundant in the U. Oxfordian of the Yonne where, in addi-

tion to the framework of corals and Diceras, there is an abun-

dant associated fauna including the coral-inhabiting S. (S.)

palinurus, S. (S.) subpunctatus, Camptonectes (C.) virdunen-

sis and Rddulopecteninequicostatus together with the 'coarse'

phenotypeof Ch. (Ch.) textoria (Peron, 1905). However, S.

(PL) subspinosus also occurs quite commonly in the L. Ox-

fordian of the same region which is developed as marls and

non-reefal limestones. In similar Sediments in the Transver-

sarium zone (U. Oxfordian) of Isere it reaches a height of

27 mm(BM L68420).

S. (PL) subspinosus and other species oi Spondylopecten are

absent from the M. and U. Oxfordian reefs of the Oxford

area yet corai/Nerinea-nch facies at a similar palaeolatitude

(text figs. 71, 72) in Poland contain common examples of S.

(PL) subspinosus together with S. (S.) palinurus, S. (S.)

globosus, R. inequicostatus and Ch. (Ch.) textoria

(Siemiradzm, 1893).

S. (PL) subspinosus is absent from Kimmeridgian coral/Di-

ceras facies in the Jura (e. g. Contejean, 1 859) and is likewise

absent from coral patch reefs of the same age at La Rochelle

(Charente Maritime). Other reef dwelling pectinids are ex-

tremely rare at the latter locality although the bivalve fauna is

otherwise rieh (Hallam, 1975b).

Tithonian records of 5. (PL) subspinosus are restricted to

localised reefal deposits. Thus the species is found in the

L. Tithonian of Nauheim (Frentzen, 1932) and Neuburg

(Yamani, 1975) in S. Germany; the U. Tithonian of Stram-

berg in Czechoslovakia (Boehm, 1883; Remes, 1903), Isere

(Faure-Marguerit) and Languedoc (Yin, 1931) in S. France,

and also undifferentiated Tithonian in S. France (Kilian and

GuEbhard, 1905) where it reaches a maximum height of

19 mm. The associated fauna is in all cases rieh and diverse

and dependant on the locality is made up of various combina-

tions of the reef-dwelling pectinids mentioned above (to

which is added 5. (S.) cardinatus) together with Plagiostoma,

Trichites, Gervillella, Diceras and Arctostrea, pleurotomariid

and nerineid gastropods, thick shelled terebratulid

brachiopods, eidaroid echinoids, crinoids, corals and calcare-

ous sponges. In what are otherwise faunally mdistinguishable

facies in the L. Tithonian of Sicily, S. (PL) subspinosus is ab-

sent (Gemmellaro and Di Blasi, 1874; Gemmeiiako, 1875).

8. INTERPRETATION OF ECOLOGY

Both Hertlfin (1969) and Hallam (1976) consider Spon-

dylopecten to be an exclusively reef-inhabiting genus. While

in the case of S. (PL) subspinosus it is undoubtedly true that

the species occurs most abundantly in reefal deposits, the data

of Section 7 provide good evidence that for at least the pre-

Tithonian parts of its ränge S. (PL) subspinosus was not con-

fined to this habitat. All pre-Oxfordian records appear to be

from faunally diverse level bottom situations, usually aecom-

panied by fairly high environmental energy. Such facies also

contain the largest representatives of the species. The occa-

sional presence of corals and reef- associated Chlamys and 5.

(Spondylopecten) species might be held to indicate that S.

(PL) subspinosus was derived from unexposed reefs nearby.

However, more coral-rich horizons (e. g. Upper Coral Bed,

U. Bajocian, S. England) containing numerous examples of

5. (Spondylopecten) are noticeably lacking in S. (PL) sub-

spinosus. Moreover, undoubted reefs, such as those of the

U. Pliensbachian in Morocco (Dubar, 1948) and the L. Bajo-

cian in E. France (Hallam, 1975b) were not colonised. In the

former case the absence of the reef-associated 'coarse'

phenotype of Ch. (Ch.) textoria (S. (Spondylopecten) had yet

to arise) could indicate that a general competitive exclusion by

the common Pseudopecten, Lithiotis and Pachyrisma, was in

Operation. However, in the latter case no such process can be

invoked as these forms are absent and the 'coarse' phenotype

of Ch. (Ch.) textoria, a frequent associate of S. (PL) sub-

spinosus at later horizons, is abundant. Nevertheless, with re-

spect to a general synthesis of habitat ränge in the Bajocian, it

must be admitted that the absence of of 5. (Spondylopecten)

species (which also occur with the 'coarse' phenotype of Ch.

(Ch.) textoria at later horizons) suggests that some special

feature of the L. Bajocian reefs in E. France made them un-

favourable to Spondylopecten as a whole (see below). Even

so, given the foregoing evidence the onus of proof must now

pass to those who would still claim that Spondylopecten was

an entirely reef-restneted genus.

Reefs were first undoubtedly colonised in the Oxfordian al-

though level bottom environments were also inhabited. Sub-

sequently in the Tithonian, reefs apparently became the sole

habitat. I'he diverse fauna of bvssate (S. (Spondylopecten),

Ch. (Ch.) textoria, Trichites, Gervillella) and cemented (Di-

ceras, Arctostrea) bivalves attests to the abundance of hard

Substrates while the luxuriance of the coral growth indicates

that the sea was shallow, warm, well oxygenated and of low

turbidity.

The absence of S. (PL) subspinosus from some U. Jurassic

reefs within the latitudinal ränge of the species could perhaps

be explained by their particular coral fauna and resultant

strueture. Personal examination of the in situ L. Kimmerid-

gian patch reefs near La Rochelle, in which other species of
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Spondylopecten are also extremely rare, reveals that they are

dominated by sheet and dome-like masses of hastrea and

Thamnastena which produce a very dense structure. (The

sameis trueof the L. Bajocian reefs in E. France -seeabove.)

As such they could have provided relatively few sites for the

kind of nestling habit inferred for Spondylopecten (see Sec-

tion 9). By contrast, at least in the L. Tithonian reef at Nau-

heim, there is a dommance of the arborescent Tbecosmilia

(Frentzen, 1932) which could have afforded abundant nest-

ling sites forS. (PL) subspinosus and the other commonspecies

of Spondylopecten. In addition to its absence at La Rochelle,

S. (PL) subspinosus is, however, also lacking in the Oxfordian

reefs around Oxford and these reefs, apparently within the

latitudinal ränge of S. (PL) subspinosus, contain abundant

Tbecosmilia. Possibly this apparent anomaly may yet be ex-

plained as a consequence of some overriding large-scale con-

trol on distribution (e. g. environmental stability - see below).

However, the presence of S. (Spondylopecten) species and

the absence of S. (PL) subspinosus fromtheL. Tithonian reefs

in Sicily casts further doubt on the importance of general reef

structure in determining the oecurrence of Spondylopecten,

and the extreme rarity of 5. (S.) palinurus at Nauheim also

suggests that forms were subjeet to a more specific control

(see p. 96). Unfortunately there are no modern reef-dwelling

morphological analogues of S. (PL) subspinosus to allow a

comparison in micro-habitat preference. The pectinid fauna

of Recent reefs appears to be dominated by Chlamys species

of low convexity (Waller, 1972b).

From the foregoing one may reach the speculative conclu-

sion that S. (PL) subspinosus gradually evolved from being a

member of level bottom communities into one confined to the

reef habitat and that within the latter there may have been a

preference for the more open struetures produced by branch-

ing corals. Possibly some unpreserved softbodied organism

afforded the same niche prior to the oecupation of coral reefs

since the small convex shell would have been poorly suited to

life on the sea floor (see Section 9). The usual oecurrence of S.

(PL) subspinosus in moderate numbers in a high diversity

fauna suggests that it was an equihbrium species (Levinton,

1970).

The absence of S. (PL) subspinosus from fine-grained de-

posits such as the pelagic limestones of the M. & U. Jurassic

in the Tethyan region and the phyllosilicate clays of the Ox-

fordian and Kimmeridgian in N. Europe suggests stronglv

that the species was intolerant ot turbid waters and soupy Sub-

strates. While S. (PL) subspinosus does oeeur in lime-

stone/shale (Callovian, Cutch) and limestone/marl (L. Ox-

fordian, Yonne) sequences, it seems highlv hkely that the

species was restricted to relatively coarse-grained limestones.

The rarity of S. (PL) subspinosus in the Oxfordian coral-

hferous deposits of central and northern England (see Sec-

tion 6) may be simply the result of a temperature dependence.

However, Hallam (1975a) has proposed a multi-component

explanation based on stability theory (Sanders, 1968, 1969)

for the N/S provinciality exhibited by a variety of Jurassic

taxa and it could thus be that the general environmental msta-

bility resulting from shallower seas, greater seasonal fluctua-

tions in temperature and the more frequent ineidence of

storms caused the relatively stenotopic S. (PL) subspinosus to

be exeluded from high latitudes.

9. FUNCTIONALMORPHOLOGY

The small adult size and relativelv large byssal noteh of S.

(PL) subspinosus indicate that the species could have remained

byssate throughout ontogeny. However, the thick, strongly

inflated shell is non-paradigmatic for a free-swinging mode of

life and in the absence of any downward slope of the hinge line

from posterior to anterior, the high convexitv of the nght

valve renders the species poorly adapted to tight fixation on a

single planar surface. Suitably pitted surfaces could have pro-

vided nestling sites for the right valve but the similantv in

shape and Ornament of the valves suggests that both were ex-

posed to the same environment. Thus it is proposed that S.

(PL ) subspinosus hved tightly fixed between two or more sur-

faces with the ventrally directed spmes gnpping the Substrate

and adding to the effect of a heavy shell and byssus in provid-

ing stability against the actions of currents, waves and pre-

dators. Under such circumstances effective fixation could

only have been achieved by a close matching of shell convex-

ity to width of 'cavity'. This might have resulted from

either of two strategies:

1. Developmental flexibility in convexity to suit the mic-

ro-habitat in which the spat mitially settled.

2. Selection by the spat of micro-habitats of appropriate

size and shape.

Someevidence for the former is provided by the Variation in

convexity of S. (PL) subspinosus. However, it cannot yet be

said whether this is a positively adaptive trait brought about

by developmental flexibility. Some evidence for the latter

strategy is provided by the oecurrence of S. (PL) subspinosus

with other Spondylopecten species, implying that selection of

micro-habitats of species-speeifie size and shape prevented

competition for space and thus allowed coexistence. In this

respect it is worth noting that of the total of only three fea-

tures which aid in distinguishing Spondylopecten species, one

is convexity. Since Spondylopecten usually oecurs in reefs

there is the possibility that the growth forms of different coral

species provided the appropriate crevices, fissures etc. for

each species of Spondylopecten (but see p. 96). For S. (PL)

subspinosus it is likely that some softbodied organism played

the same role during the early part ot its str.uigraphic ränge

(see Section 8).

Further evidence for the vital role of convexity in the Spon-

dylopecten mode of life is provided bv the impressive array of

coadaptations which high convexity has necessitated. Depar-

ture from the low convexity form of most pectinids raises the

problem of interpenetrant umbones when gnomonic growth

of the shell results in a logarithmic spiral of more than half a

revolution (Stasfk, 1963). In the apparent impossibility of in-

terumbonal growth or lateral displacement of the umbones in

the Pectinidae, the problem seems to have been solved in

Spondylopecten by the development of teeth which effec-

tively lift the hinge out of the plane of eommisure and thus

prevent umbonal friction (text fig. 73). This has the disadvan-

tage of tending to split the ligatnent upon shell closure (text

fig. 74) thus a further adaptation, downward growth of the

auricles towards the opposite valve, is required to maintain

contact between the valves (PI. 3, Figs. 4,8).

In contrast to the above Interpretation, Staeschf (1926)

contended that thickness, convexitv, prominent pheae and
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3r functional
Substitute (Stasek, 1963)

n'ith teeth (e.g. Spondylo -

pecten )

Text fig. 73: Articulation in high convexity shells (schematic).

cardinal teeth were all strengthening adaptations to the tur-

bulent environment of a reef. However, Stanlev ( 1 970) has

shown that the most exposed of modern shores are colonised

by relatively thin-shelled, unornamented bivalves, thereby

implying that water movements even of a violent sind are in-

sufficient to Warrant the development of a streng shell. Simi-

larly Staesche's Suggestion that the above features are

strengthening adaptations directed against crab predation in

the reefal environment can be ruled out beeause there is no

evidenee to suggest that this is any more of a problem in reels

than in level-bottom communities, where smooth, flat, thin-

shelled, edentulous pectinids also oecur.

outer
ligament
compressed

'"•PEN CLOSED

Text fig. 74: Schematic section of umbonal region in Spondylo-

pecten with probable condition of outer ligament Lipon valve opening

and closure.

10. OR1GINS ANDEVOLUTION

On the basis of ns overall similarity, the most likely ances-

tor for S. (PI.) subspinosus is Pseudopecten (Ps.) veyrasensis.

The acquisition of cardinal teeth, spinöse Ornament and a dif-

ferent pattern of plical Variation (10-13 et. 12-15 plicae) by S.

(PL) subspinosus cannot be attributed to heterochrony acting

upon ancestral allometries so it is likely that trans-speeifie

evolution involved a profound rearrangement of the genome.

Staesche (1926) considered that 'Pecten' lottii Gemmellaro

and in Bi am (see Section 4) represented a transitional stagebe-

tween Pseudopecten and Spondylopecten. However, the

species is <>nl\ known from one example (from anunspeeified

horizon in the L. Lias) thus 'P. ' lottii is more reasonably to

be thought of as an extreme variant of either S. (PL) sub-

spinosus or Ps. (Ps.) veyrasensis rather than an indicator of

gradua) evolution between the species.

There appear to be no phyletic changes within S. (PL) sub-

spinosus. The ränge of plical Variation remains constant; forms

with 10 and 13 plicae being known from the M. (e. g. BM
65939 and MNO2421) and U. (e. g. MNPS3842 and MNO
3766) Jurassic. Apparent phyletic oscillations in maximum

height from 23 mm(U. Bajocian) to 27 mm(U. Bathonian)

to21 mm(L. Callovian) to 27 mm(U. Oxfordian) to 19 mm
(Tithonian) could well be related to the environment (see Sec-

tion 8).

1t is unlikely that the plicae could have added any useful

strength and stiffness to that provided bv the thick shell and it

is more probable that they served to increase purchase upon

the Substrate (see above).

The heavy shell, moderate to high convexity and prominent

ornamentation render it unlikely that 5. (PL) subspinosus

could have been anything more than a verv inefficient swim-

mer.

Subgenus SPONDYLOPECTENs. s.

(synonym Cardinopecten Rollier 1904)

ORIGINAL DIAGNOSIS

(see p. 83 for the reason for the inclusion 6f this section)

,Das interessanteste an diesen Formen ist jedenfalls das

Schloß, und darüber geben meine verkieselten Exemplare
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guten Aufschluß. Auf der rechten Klappe sieht man unter

dem wenig gewölbten Wirbel eine verhältnismäßig breite

Area, die durch die Bandgrube wie bei Spondylus gespalten

ist.

Neben der Bandgrube liegen unter der Area jederseits

Zähne und zwar ist der vordere bedeutend größer, vorausge-

setzt, daß der hintere nicht teilweise abgebrochen ist, was bei

meinen Exemplaren immerhin möglich wäre.

Quenstedt hebt diese Ungleichheit der Zähne jedoch auch

für seinen Pccten globosus .... auf den ich gleich noch zu spre-

chen komme, hervor, deshalb scheint sie also normal zu sein.

Der große Vorderzahn ist löffeiförmig in die Höhe gekrümmt

und zeigt auf der Area zugekehrten Seite senkrechte, parallel

Streifen; der Hinterzahn ist klein und undeutlich, er erhebt

sich kaum über die Area. Außerdem ist der gerade Schloß-

rand, vorn der Oberrand des Ohres, mit feinen senkrechten

Kerben versehen. Von der linken Klappe besitze ich leider

kein ganz erhaltenes Schloß; ich habe nur die senkrechten

Kerben auf dem Schloßrande constatiren können.' (relevant

extract from description of Pecten (Spondylopecten) cf. eri-

naceus Buvignier; Roeder, 1882)

AMENDEDDIAGNOSIS

Spondylopecten with rounded plicae bearing 2-A rows of

spines. Jur. (Aalen. - U. Tithon.), Eu., Afr., Asia.
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Text fig. 75: Spondylopecten (S.) palinunis/ subpunctatus - frequency distribution for number of plicae.

DISCUSSION

In general form all members of S. (Spondylopecten) are

very similar. It is possible therefore that the sub-groups iden-

tified below could be polymorphs of the same species.

However, with the apparent impossibility of detecting

polymorphism in the fossil record it seems preferable to treat

them as separate species.

In measured museum specimens the ränge of plical Varia-

tion in S. (Spondylopecten) is from 18-71. Within the ränge

18-36 plicae there is an essentially bimodal distribution

grouped around modes at 21 and 30/32 plicae with an inter-

vening trough at 26 plicae (text fig. 75). Individuais in the

former group (herein referred to S. (S.) palintirus) also seem

to differ from those in the latter (herein referred to S. (S.) sitb-

punctatus) by their lower convexity (text figs. 77, 84) and in

the possession of four rather than two rows of plical spines.

The single known specimen with 26 plicae (MNP) is abraded

but apparently originally bore four rows of spines. It is there-

fore considered to indicate the upper limit of plical Variation

in the former group.

Within the first group later populations differ in the mode
and ränge of plical Variation (text fig. 79) and in convexity

(text fig. 77). While there can be little doubt of an ancestor-

descendant relationship some authors would consider such

differences worthy of a specific Separation. However, apart

from the difficulties of obiectivelv defimng the species there is

no evidence that separate lineages existed at any one time. In

fact there is some evidence (see p. 97) that earlier and later

populations were linked by gradual phyletic evolution. Thus

following the rationale adopted in this work, the earlier and

later populations are herein considered to belong to the same

species. Similar reasoning can be applied to the group of forms

referred to S. (S.) subpunctatus in which later samples differ

in the mode and ränge of plical Variation (text fig. 86) and in

convexity (text fig. 84) but in which there is no evidence for

coexisting lineages, yet a certain amount for phyletic

gradualism (see p. 102).

The paucity of available museum specimens renders it dif-

ficult to make any objective division in forms with more plicae

than S. (S.) subpunctatus. Except where indicated, museum
specimens with the following plical counts are only known

singly: 42, 43 (3), 44 (3), 45, 46, 48, 51, 52, 53 (2), 54, 56, 60,

63, 64, 71. However, foreign authors who have undoubtedly

had access to a greater volume of material provide good evi-

dence for a bimodal distribution in the frequency of plical

counts. Staesche (1926) refers to specimens with about 45

plicae while Yin (1931) refers to a number of specimens with
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between 42 and 48 plicae, thus forms within the latter ränge

are considered to belong to a third S. (Spondylopecten) species,

(S. (S.) cardinatus). Boi hm (1883) records 55 specimens with

over 60 plicae while Staesche (1926) records numerous

specimens with between 55 and 65 plicae, thus forms within

the latter ränge, together with rare museum specimens with

plical counts just outside this ränge (51, 52, 53, 54, 71) are

considered to belong to a fourth S. (Spondylopecten) species

(S. (S.) globosus).

Spondylopecten (Spondylopecten) palinurus (d'Orbigny 1850)

PI. 3, Figs. 8-14; text figs. 75 (pars), 76-81

Synonymy

Pecten palinurus sp. nov; d'Orbigny, v. 1, p. 342

(BOULE, 1925, v. 14, p. 161, pl. 20, figs. 11, 12).

Pecten Nireus sp. nov; D'ORBIGNY, v. 2, p. 22

(BOULE, 1929, v. 18, p. 174, pl. 20, figs. 5, 6).

Pecten Nicaeus sp. nov; D'ORBIGNY, v. 2, p. 22

(BOULE, 1929, v. 18, p. 174, pl. 20, figs. 7, 8).

Pecten erinaceus sp. nov; BuviGNlER, p. 23,

pl. 19, figs. 7-12.

Pecten symmetricus sp. nov; MORRIS in HuLL,

p. 103, pl. 1, figs. 3, 3a-c.

Pecten subpunetatus Münster; Quenstedt,

p. 627, pl. 77, figs. 27-29 (non MONSTERsp.).

Pecten Monsbeliardensis sp. nov; Contejean,

p. 316, pl. 23, figs. 16-18.

Pecten Nicaeus d'Orbigny; Coquand, p. 79.

Pecten erinaceus Buvignier; Thurmann and

Etallon, p. 250, pl. 35, fig. 2.

Pecten araricus sp. nov; ETALLON in THURMANN
and Etallon, p. 251, pl. 35, fig. 3.

Pecten Monsbeliardensis Contejean; Thurmann
and Etalion, p. 252, pl. 35, fig. 5.

Pecten catulloi sp. nov; GEMMELLAROand Dl

BLASI,p. 107, pl. 2, figs. 1-5.

Pecten catulloi GEMMEIi aro and Dl Blasi;

Gemmei l ARO, p. 42.

Pecten semiarticulatus sp. nov; G. Meneghini,

p. 357, pl. 22, fig. 18.

Pecten cartien sp, nov; Dl LORIOL, p. SS, pl. 12,

figs. 8-10.

Pecten erinaceus BUVIGNIER; DE Loriol, p. 92,

pl. 13, figs. 1,2.

Pecten (Spondylopecten) d. erinaceus BUVIGNIER;

ROEDER,p. 52, pl. 2, figs. 4a-c.

Pecten Cartieri DE LORIOL; SlEMIRADZKl, p. 1 19.

Pecten erinaceus BUVIGNIER; DE LORIOL, p. 48,

pl. 5, fig. 4.

Pecten Soyhierensis sp. nov; DE LORIOL, p. 128,

pl. 15, fig. 6.

Pecten Soyhierensis DE LORIOL; de LORIOL,

p. 170.

Pecten Soyhierensis i H LORIOL; de LORIOL,

p. 12S.

Pecten (Chlamys) Roederi sp. nov; DE LORIOL,

p. 103, pl. 6, figs. 6, 7.

Pecten subpunetatus MÜNSTER; Remes, p. 203,

pl. 19, figs. S.-i-c (non MÜNSTERsp.).

Pecten Soyhierensis DE LoRlOL;DELORlOL,p.217.

Pecten subpunetatus Münster; de Loriol,

p. 217, pl. 23, fig. 4 (non MÜNSTERsp.).

Pecten sp; FtRUMBECK, p. 104, pl. 14, figs. 2a-d.

Pecten erinaceus Buvignier; Peron, p. 214,

pl. 10, fig. 1.

Chlamys Grossouvrei sp. nov; COSSMANN,p. 239,

pl. 8, fig. 19.

1850
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Text fig. 76: Spondylopecten (S.) palinurus - height/length.

Auricles well demarcated from disc, moderate in size, an-

terior larger than posterior. Anterior auricles meeting hinge

line at about 90°, posterior auricles meeting hinge line at an

obtuse angle. Right anterior auricle meeting disc at an obtuse

angle; remaining auricles meeting disc at an acute angle. Right

anterior auricle bearing between 5 and 8 radial costae. All au-

ricles sloping downwards from umbo towards opposite valve

(PI. 3, Fig. 8).
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Text fig. 78: Spondylopecten (S.) palinurus - length/umbonal an-

gle.
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Text fig. 79: Spondylopecten (S.) palinurus - frequency distribu-

tions for number of plicae in Bajocian, Oxfordian and Kimmeridgian

specimens.

Text fig. 77: Spondylopecten (S.) palinurus - convexity/length.

Both valves bearing between 18 (? 16, see Section 4) and 26

rounded radial plicae; modal number apparently increasing

phyletically (text fig. 79); plicae slightly wider than sulci in

right valve, converse in left valve. Plicae bearing 4 rows of

short, closely spaced spines, directed ventrally (PI. 3,

Fig. 14).

Cardinal area of right valve bearing 2 peg-shaped crura,

anterior larger than posterior (Roeder, 1882, pl. 2, fig. 4).

Shell thickness moderate to high; plical amplitude reduced on

shell interior.

4. DISCUSSION

d'Orbigny's (1850) diagnosis for 'Pecten' palinurus (see

Section 1) leaves no possibility of confusion for another

Jurassic pectinid. Therefore, following Opinion 126 of the

ICZN the name may be adopted for the species under discus-

sion. Boule (1925) has figured one of the syntypes (MNO
3401) and this specimen is herein designated as lectotype. The

other (also MNO3401) becomes ipso facto the para-

lectotype. 'P.' Nireus d'Orbigny was separated from

'P. 'palinurus on the basis of 'cotes plus simples', presumably

implying a lack of spinöse ornament. One of the syntypes

(MNO4294) possesses only two rows of spines per plica but
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this is clearly the result of abrasion (as appears to be the case in

all the following instances where a reduced number of spine

rows is cited) and H/L (1) and the number of plicae (23) are

within the ränge of 5. (S.) palinurus from the same stage (Ox-

fordian). 'P.' Nicaeus d'Orbigny was separated on the basis

of abnormally wide sulci. However, this feature is merely the

result of preservation of the 6 syntypes (MNO4295) as inter-

nal moulds (Boule, 1929) which has led to a reduction in pli-

cal amplitude and an apparent increase in plieal wavelength.

The single known type of TV symmetricus Morris (IGS

8853; PL 3, Fig. 9) from the Bajocian has 20 plicae (2 spine

rows) and is a typical example of S. (S.) pa.linu.rus from the

stage.

'P.' erinaceus Buvignier (3 spine rows, 22-24 plicae) and

'P.' ('Chlamys') Roeden in Lorioi (24 plicae), both de-

scribed from the Oxfordian, hav£ plieal counts and metric

proportions of their respective figures (2, 3) which are m-

separable from those of S. (S.) palinurus from the same stage.

'P. ' araricus Etallon was said to lack the spinöse Ornament

of 'P. ' erinaceus but the figured speeimen has clearly been

sub|ect to abrasion.

The holotypes (OD) of 'Ch.' ('Aequipecten') macfadyeni

Cox (BM L61 138; PI. 3, Fig. II) from the Oxfordian/kim-

meridgian of E. Africa and 'Ch.' (S.) stoliezkai Cox (IGS

17281) and 'Ch.' (S?) badiensis Cox (BM L75245; PI. 3,

Fig. 1 2) from the Callovian of Cutch, all have their respective

numbers of plicae (19, 20/21, 21/22) and metric proportions

(4, 5, 6) within the total (stratigraphically undifferentiated)

ränge of S. (S.) palinurus. The first and last appear to lack

spines but may be abraded. Specimens from the Callovian of

E. Africa referred to 'Ch.' (S.) badiensis by Cox (1965) ex-

hibit the characteristic spines. The holotype of 'Ch.' (Ae.')

macfadyeni also has an abnormally small number of plicae for

its particular stratigraphic horizon but this might well be an

artefact of the relatively limited number of specimens for

comparison.as is altnost certainly the case for 'P. ' sp. Kki \i

beck, 'P.' Carticn de Lorioi and 'P.' Monsbeliardensis

Conti |i \\, all of which are from the Kimmeridgian and refer

to specimens with respectively 22, and as many as 25 and 26

plicae. K.RUMBEI k's specimens were compared with

'P.' erinaceus Buvignier, a synonym of S. (S.) palinurus (see

above),while metric proportions of the figures of de Loriol's

(7) and Contjean's (8) specimens are indistinguishable from

S. (S.) palinurus. The inclusion of 'P. ' Soyhierensis de Loriol

(Oxfordian) within S. (S.) palinurus is more problematical

since forms with as few as 1 6 plicae are cited and L/UA (9) of

the original figure is somewhat low. However, 'P. ' semiart-

iculattts Meneghini (Bathonian), a species with 17 plicae and

high L/UA (10), has the plieal spine rows (albeit only 2 - see

above) diagnostic of 5. (Spondylopecten) and Dal Pi az ( 1 9 1

2

1

has collected a topotvpe speeimen, the figure of which has

metric proportions (11) which are indistinguishable from S.

(S.) palinurus. It therefore seems likely that the ränge of Varia-

tion in the latter species extends eonsiderably further than that

indicated by museum specimens alone. 'P.' catulloi Gl mmel-

laro and Di Blasi (Tithonian), a species with 22 plicae known

from only 4 specimens, may therefore by synonymous with S.

(S.) palinurus in spite of the eonsiderably atypical H/L, L/C

and L/UA (12) of its original figure.

'Cb. ' (Ae. ') syriacus Cossmann was said to have 30 plicae

but the figures of the holotype (OD) reveal a maximum of

only 2 1 and metric proportions (13) are within the total ränge

of S. (S.) palinurus. With the possibility of misapplication of

Cossmann's specific name to forms which are referable to S.

(S.) subpunetatus, unfigured records of his species in R. Hud-

son (1958) must be treated with some caution.

The figures of 'P.' subpunetatus Münster in Quenstedt

(1858) and Remes (1903) and the descriptions in de Lorioi

(1904) and Simionescu (1910) are of specimens with respec-

tively 25, 18-19, 24 and 22-26 plicae. All are thus outside the

ränge of Variation aecredited to Monster's species (see p. 98)

and fall within the total ränge of S. (S.) palinurus. The speci-

mens referred to in Quenstedt and in Li >ri< n are also within

the ränge of Variation in museum specimens of S. (S.)

palinurus from the same stage (Oxfordian). There are insuffi-

cient museumspecimens of comparable age (U . Tithonian) to

allow an assessment of whether the same could be said of Re

mes' specimens; Those referred to in Simionescu are of inde-

terminate age.

'P. ' (S.) erinaceus Buvignier; Yin (Tithonian) was not fig-

ured and was only distinguished from 'P. '

(5.) globosus

Ql i nsti dt; Yin (= S. (S.) subpunetatus) by its possession of

less than 30 plicae. Since this does notexcludeall variantsof S.

(S.) subpunetatus Yin's record is of uncertain Status.

Although the exaet dimensions of 'Cb.' Grossouvrei

Cossmann (Callovian) are not available the strongly convex

form with 25 plicae is unlike that of any known Jurassic pec-

tinid other than S. (S.) palinurus. For this reason Ae.' kot-

subu Kimura; Tamura, an inflated form with 22 plicae from

theU. Jurassic of Japan may also be synonymous with 5. (S.)

palinurus. 1t has not been possible to trace Kimura's original

description.

5. STRATIGRAPHIC RANGE

A poorly preserved speeimen with 23 plicae (BM 30496)

from the Spinatum zone (U. Pliensbachian) of Northants.

might be an early representative of S. (S.) palinurus. How-
ever, apart from this there are no records of the species until

the Garantiana and Parkinsoni zones (U. Bajocian) when, in

the Cotswolds, the species is fairly common. Elsewhere S.

(S.) palinurus is extremely rare in the U. Bajocian. Bathonian

records are limited to N. Italy (G. Meneghini, 1880; Dal

Piaz, 1912), and Indre (Cossmann, 1907a; J.-C. Fischer,

1964) and Var (BM LI 0289) in France although numerous

specimens are recorded in all but the last area. In the Callovian

the species is only known from occasional specimens from the

Cöte d'Or and Sarthe in France (d'Orbigny, 1 850; Cossmann,

1912) and Cutch in India (Cox, 1952), and from E. Africa

(Cox, 1965), Sinai (Douvtllf and Cossmann, 1925), S. Israel

(R. Hudson, 1958) and Arabia (BM L61511). In Europe S.

(S.) palinurus reaches its aeme in the Oxfordian and Kim-

meridgian when it is locally abundant. Certain records from

the Tithonian are restricted to one speeimen from the lower

substage at Nattheim (BM 63059). However, specimens de-

scribed from the L. Tithonian of Sicily (Gemmellaro and Di

Blasi, 1874; Gemmellaro, 1875) and the U. Tithonian of

S. France (Yin, 1931) and Czechoslovakia (Remes, 1903) may

well constitute further records of 5. (S.) palinurus (see Sec-

tion 4).
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Text fig. 80: Spondylopecten (S.) palinurus - European distribution.

6. GEOGRAPHICRANGE

In Europe (text fig. 80) the distribution of 5. (S.) palinurus

is intimately hnked with that of coralliferous deposits (see

Section 7). Thus the species occurs most commonly in the

Oxfordian and Kimmeridgian of central W. Europe where

this facies is particularly well developed. The lack of S. (S.)

palinurus from coralliferous deposits in the Bathonian and

Oxfordian of England and the Bathonian of Normandy sug-

gests that the northward ränge of the species was restricted by

temperature (however, see Section 8).

In the Callovian the ränge ofS. (S.) palinurus underwentan

expansion along the southern shores of Tethys, resulting in a

palaeolatitudinal spread of some 50° (text fig. 81). A similar

expansion along the northern shores is evidenced only by one

dubious specimen from the U. Jurassic of Japan (see Sec-

tion 4).

Text fig. 81: Spondylopecten (S.) palinurus - World distribution (Callovian reconstruction)

7. DESCRIPTION OF ECOLOGY

Bivalved specimens of S. (S.) palinurus are quite common
in the Upper Coral Bed and its lateral equivalents in the Par-

kinsoni zone (U. Bajocian) of the southern Cotswolds. The

maximum height attained is 26.5 mm(BM L84516). The as-

sociated fauna is dominated by the 'coarse' phenotype of Ch.

(Cb.) textona, Limatula, Plagwstoma, Ctcnostreon and

Trigonia together with the brachiopods Rhynchonella,

Terebratula and Zeilleria, and the coral Isastrea (Richard-

son, 1907, 1910). S. (S.) palinurus also occurs in apparently

non-coralliferous deposits of the Garantiana zone in the same

area. However, the number of examples is small and only one

specimen is known from non-coralliferous U. Bajocian de-

posits elsewhere in England. The modal number of plicae in

specimens from the substage is 20, with a ränge from 18-21

(text fig. 79).
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In the Bathonian S. (S.) palinurus occurs fairly commonly

inN. Italy, where n reaches .1 maximum height of 25 mm(G.

Meneghini, I880;Dai Piaz, 1912) and in a coral bed in Indre

(France) where it is associated wiih the 'coarse' phenotype oi

Ch. (Cb.) textoria (Cossmann, 1907a; J.-C. Fis. her, 1964).

The ränge of plic.il Variation in Bathonian S. (S.) palinurus is

from 17 (G. Meneghini, 1880) to 25 (Cossmann, 1907a).

Although widespread in the < iallovian (see Sections 5, (>i V

s palinurus is not known to be common anywhere. The

ränge oi plical Variation in specimens from the stage is from 20

(e. g. Cossmann, l912)to23(( ox, 1965) and the maximum

height is 37 mm(MNS).

In the <. Jxfordian S. (S.) palinurus is ver) common in the

coral Diceras reefs of the Yonne, Meuse and Swiss and

French Jura. In the last area it reaches .1 maximum height of

62 mni(ni LoRIOL, I S'J4 ). The typic.il associated t.inn.i is de-

scribed on p. 88. The ränge of plical Variation undoubtedly

extends from 20-26 (mode 12) and may includeforms with as

tew as 16 plicae (text-fig. 79; 111 Loriol, 1900).

In coral/ Diceras facies in the Kimmeridgian of the Jura S

(S.) palinurus is common and appears to reach a maximum

height of 35 mm(Conteji \n, 1 859). Thereis an abundant as-

sociated molluscan fauna oi in and epifaunal gastropods .\nA

bivalves (including the byssate genera Camptonectes, Ox-

ytoma, Pinna, Area and ' Wytilus') together with rhynchonel-

lid brachiopods. Onlv one speeimen (GPIG) is known from

contemporaneous coral patch reei facies at La Rot helle .\nd

none are recorded from similar l.uics at Kelheim (S. (.ei

many). The ränge of plical Variation in [Cimmeridgian S. (.V.)

palinurus is from 22-26 (text fit;. 79; Contejean, 1SS9;

Krumbeck, 1905) with a mode oi 24.

The single undoubted Tithonian example of S. (S.)

palinurus together with other putative records from the stage

(see Section 5) are all from total reei facies (fauna p. 88).

There are 110 records of S. (,S. ) palinurus from the deep wat-

er pelagic limestones of the peri-Mediterranean region and

the speeies is ver) rare in siliciclastic deposits anywhere in

I urope.

S. INTERPRETATION OF F.COLOGY

The data presented in Section 7 suggest verv Strongly th.it

the oecurrence ot S. (S.) palinurus is dependeni on the pre-

sence ol corals. Reefs appear to have constituted the most

favourable habii.it but the fact that the speeies occurs in coral

aecumulations ot less than reefal dimensions (Parkinsoni

/one, S. Cotswolds; Bathonian, Indre) suggests that the par-

ticular abundance in reefs is merely a reflection of the concen-

tration ol corals rat her than a eon sequenee ol a preference for

upstanding struetures (cf . Hf.rtlein, 1969; Hali \m, 1976; see

pp. 83, SS). The correspondence between the areal distribu-

11.111 ol coralliferous deposits and that ot common S. (S.)

palinurus in the Parkinsoni /one ol N. Somerset and

Gloucestershire is striking enough 10 he .\n incentive for a

taeies analysis ol the underlying Garantiana /one deposits in

ordei to test the possibility that the examples ot Y S

palinurus contained therein might he derived from laterall)

equivalent but unexposed coralliferous deposits. Similarly the

fact that the only oecurrence in the Bathonian and Callovian

where Ileus are known (Bathonian. Indre) is from a coral bed

containing the reef-dwelling 'coarse' phenotypeoi Ch. (Cb.)

textoria should he an impetus for analyses ol the Sediments

.\nA I au na ol the other horizons containing S. (S.) palinurus in

these stages.

In spite ot the apparent dependence on corals by no means

all coralliferous horizons within the stratigraphic ränge of 5.

1 S. 1 palinurus were colonised abundantly. The fact that dur-

ing the Kimmeridgian coral patch reefs at the southerly

latitudes ot La Rochelle and Kelheim were only colonised

ver) rarely or not at all.while during the Bajocian coralliferous

deposits in England were oecupied in numbers,suggests that

the complete absence of S. (S.) palinurus from Bathonian

coral patch reefs in Normandy and England and similar fac ies

in the Oxfordian of England cannot be the result of a simple

temperature dependence (see p. 95) or even of a more general

intolerance of relatively unstable environments (see p. 89). In

certainoi the above cases the lack oi S. (S.) palinurus couldbe

.1 consequence ot the particular coral fauna ol the reefs and

their resultant dense strueture, an explanation advanced foi

the absence or rarity of S. (PI.) subspinosus (see p. 88). How-

ever, the Oxfordian reefs of England do not seem to have had

.m especially dense strueture (see p. 89). Evidence from the

L. Tithonian reef at Nauheim, where S. (S.) palinurus is ex

tremclv rare hm S PI.) subspinosus is abundant, suggests a

more specific control on distribution. For an alternative ex-

planation one might invoke the possibility (see p. 89) of a

coininens.il relationship between particular coral speeies and

each ol S. (PI. I subspinosus and S. (S.) palinurus, and infer the

absence of the relevant corals from the reels lacking these

Spondylopecten speeies. However, such an explanation suf-

fers generally from the lack ol .\n\ direct evidence for com-

mensalism and speeifieally, in the case of S. (S.) palinurus,

from the fact that in the Nauheim reei the latter speeies is

verv rare although coral diversity is high, 64 speeies being

cited by Gl vi k (1954). It must therefore he admitted that no

unilied theory ein vet he proposed to aecount for the incon-

sistent distribution ot S. {PL) subspinosus and S. (S.)

palinurus in coralliferous facies (see p. 101).

The overall rarity of S. (S.) palinurus in the M. Jurassic ol

I urope as a whole can be viewed as a consequence ol the

localised development of coralliferous deposits. The verv

widespread development of argillaceous facies in the Cal-

lo\ ian, producing unfavourable conditions for coral growth,

may well have prompted the migration of 5. (S.) palinurus

outside I'utope along the southern shores ol Tethys (see Sec-

tion (1).

The usual oecurrence of 5. (S.) palinurus in moderate num-

bers with a high diversity fauna indicates that it was an

equilibrium speeies (Levinton, 1970). Presumably stenotopy

was developed to a high enough degree to prevent competi-

tion with the other speeies ol Spondylopecten with which it

frequently occurs.

9. I UNCTIONALMORPHOLOGY

In the absence of more precise ecological data for S. (S.)

palinurus little can be added to the general Interpretation ot

functional morphology in Spondylopecten presented for the

essentiallv similar speeies S. (PI.) subspinosus (see p. 89). A
'wedged' mode of life is further evidenced by the great varia-
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tion in convexity in S. (S.) palinurus. However, as for S. (PI.)

subspinosus it cannot yet be Said definitely that this is a posi-

tively adaptive feature brought about by developmental flexi-

bility (however, see below).

The moderately large maximum height of S. (S.) palinurus

(H: 62) is near the upper limit for byssallv attached Recent

pectinids. The largest byssate but otherwise unsupported

species from the coral reef fauna of Eniwetok Atoll (Gloripal-

lium pallium) reaches a maximum height of 85 mm. How-
ever, this and other pendent or tightly byssate species rarely

exceed a height of 75 mm(Waller, 1972b). It therefore seems

likely that large specimens of S. (S.) palinurus gained support,

additional to that provided by the byssus, through contact

with the Substrate, as inferred independently above.

The moderate to high convexity and shell thickness in S.

(S.) palinurus suggest that at best it could only have been a

very inefficient swimmer.

The apparent phyletic increase in the number of plicae may

be interpreted mechanically when considered in conjunction

with phyletic decrease in convexity and increase in height (see

Section 10). The latter requires relatively large amounts of

CaC03 to be secreted when growth is based on a tight

logarithmic Spiral as in S. (S.) palinurus. A decrease in the

spiral angle and hence in convexity thus represents a more

bioeconomical basis for height increase. However, it must also

entail a weakeningof the shell so an increase in the number oi

plicae can be viewed as an attempt to strengthen and stiften the

shell by effectively shortening the wavelength of the corruga-

tions. Such an Interpretation requires however that the in-

creased strength and stiffness contribute significantly to the

fitness of the animal as a whole. This must be considered

doubtful in S. (S.) palinurus since the thickness of the shell

would appear to provide adequate protection against all but

the most extreme Stresses. Nevertheless, the Impression

gained by the author that the Variation in convexity and

number of plicae is positively correlated at any one horizon

indicates that there is at least some functional interdependence

and suggests moreover that S. (S.) palinurus is developmen-

tally flexible (see above).

10. ORIGINS AND EVOLUTION

If the very doubtful record of S. (S.) palinurus in the

U. Pliensbachian is discounted, S. (S.) subpunetatus becomes

the most likely ancestor for the species (although see p. 101 ).

There is no evidence to suggest that the evolution of a separate

pattern of plical Variation oecurred gradually.

There appear to be several phyletic trends within S. (S.)

palinurus. Maximum height increases, presumably gradually,

from 26.5 mm(U. Bajocian) to 37 mm(Callovian) to 62 mm
(Oxfordian). The reversal of this trend in the Kimmeridgian

(Hmax : 35) could well be an artefact of the relatively limited

number of specimens from the stage measured by the author.

The pronounced phyletic increase in the mean number of

plicae indicated by text fig. 79 might also be an artefact of the

more general paucity of measured museum specimens since

bibliographic sources (see Section 4) suggest a far less consis-

tent trend. Nevertheless, specimens mentioned in the litera-

ture do not refute the gradual unidirectional trend in the

modal number of plicae indicated by text fig. 79. Indeed the

15 or so specimens collected by Cox (1952) from the Cal-

lovian of Cuteh which were said to have a ränge of between 20

and 22 plicae (exactly between the Bajocian and Oxfordian

modes) provide positive evidence for such a trend. Only one

of the other Callovian records (Cox, 1965 for two specimens

with 23 plicae) refers to specimens with plical counts outside

the latter ränge.

A further phyletic trend is towards decreased convexity.

However, unlike the above cases there is little reason to think

that evolution oecurred gradually. Most Callovian, Oxford-

ian and Kimmeridgian specimens have lower C/L ratios than

their Bajocian ancestors (text fig. 77). Since relative convexity

appears to increase during the ontogeny of the latter there is

the possibihtv that descendant forms could have arisen by

neoteny. However, heterochronv cannot aecount for the

periodic phyletic increases in the ranges of plical Variation

constituted by specimens mentioned in the literature together

with those in museums (Bajocian, 18-21; Bathonian, 17-25;

Callovian, 20-23; Oxfordian, 20-26; Kimmeridgian, 22-26)

thus phyletic evolution in S. (S.) palinurus may generally

have been a produet ot change in the structural rather than the

regulatory genome.

Phyletic increase in maximum height combined with

stenotopy and a possibility of neoteny suggests the prevalence

of 'K' selection for increased trophic efficiency (Gould,

1977).

Spondylopecten (Spondylopecten) subpunetatus

(Münster 1833)

PI. 3, Figs. 15-19; text figs. 75 (pars), 82-86

Synonymy

Pecten subpupetatus sp. nov; MONSTERin GOLD-
II ss, p. 4S, pl. 90, figs. 13a, 13b.

Pecten subpunetatus MONSTER; QUENSTEDT,

p. 433.

Pecten globosus sp. nov; QOENSTEDT,p. 476.

Pecten subpunetatus MONSTER;D'ORBIGNY, v. 1,

p.374.

Pecten Moreanus sp. nov; BüVlGNIER, p. 24,

pl. 19, figs. 18-20.

Pecten globosus Qoenstedt; Qüenstedt, p. 507,

pl. 40, fig. 45, (non fig. 46; non QOENSTEDTsp.).

Pecten subpunetatus MONSTER; QüENSTEDT,

p. 627, pl. 77, figs. 27-29.

Pecten aequatus sp. nov; QUENSTEDT, p. 755,

pl. 92, fig. 12.

Pecten globosus QOENSTEDT;QüENSTEDT, pl. 78,

fig. 2 (non pl. 92, fig. 20; non QüENSTEDTsp.).

Pecten Globosus QüENSTEDT; ThüRMANNand

Etallon, p. 250.

Pecten subpunetatus MONSTER;OPPEL, p. 289.

Pecten globosus QüENSTEDT; DE Loriol, p. 335,

pl. 13, fig. 3 (non QüENSTEDTsp.).

Pecten Rocbati sp. nov; DE LORIOL, p. 336, pl. 13,

figs. 1,2.

Pecten arotoplicus sp. nov; GEMMELLAROand Dl

BlASl, p. 104, pl. 2, figs. 6-10.

Pecten arotoplicus GEMMELLAROand Dl BLAS1;

Gemmellaro, p. 41.

Pecten aequatus QüENSTEDT;BOEHM,p. 183.

Pecten aequatus QüENSTEDT;BOEHM,p. 72.

Pecten arotoplicus GEMMELLAROand Dl Blasi;

BOEHM,p. 609, pl. 67, figs. 34, 35.

v :t 1833
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3. AMENDEDDESCRIPTION

Essentially similar to 5. (S.) palinurus. Differing by the

diagnostic larger number of plicae (see Section 2) whose ränge

and mode apparently oscillates phyletically (text f ig. 86), by

the evident possession of only 2 plical spine rows,and by the

higher relative convexity (text fig. 84) of contemporaneous

Oxfordian specimens and the lower relative convexitv of

Tithonian forms of S. (S.) subpunctatus in comparison with

examplesof S. (S.) palinurus from any horizon. UnlikeS. (S.)

palinurus, S. (S.) subpunctatus also exhibits phyletic reduc-

tion in L/UA (text fig. 85) although this eould be more appar-

ent than real (see Section 9).

H/L is plotted in text fig. 83. The maximum height is

58 mm(Gemmellaro and Di Blasi, 1874).
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Text fig. 83: Spondylopecten (S.) subpunctatus - height/length.
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Text fig. 84: Spondylopecten (S.) subpunctatus -convexity/length.

4. DISCUSSION

The syntype series of 'P.' subpunctatus Münster (BSPHG)

eonsists of a number of specimens from sponge-hmestone

facies, all less than 10 mmin height and with approximately

30 plicae. Staisc hi (1926) considered such specimens to be

specifically separable from juveniles of a similarly plicate

form, Spondylopecten aequatus (Quenstedt), from coral reef

facies, on the basis of the flat tops to the plicae. However,

this feature together with a relatively large umbonal angle ( 1

)

can be plausibly interpreted as an aspect of ecophenotypic

Variation (see Section 8) and is therefore no basis for a specific

distinction. Thus, on grounds of histoncal precedence

Münster's specific name is applied to the species described in

Section 3 and a lectotype (BSPHGAS VII 627; PI. 3, Fig. 15)

is herein designated. Those specimens incorrectly referred to

Münstfr's species in Quenstedt (1S58), Remes (1903), df

Loriol (1904) and Simionescu (1910) are discussed on p. 94.

The two specimens said by Yin (1931) to have affinities with

MüNST] r's species are of uncertain Status since they were not

illustrated and were described only as having numerous ribs.

Specimens referred by YlN to 'P.' (Spondylopecten) erina-

ceus Buvignier were described with similar imprecision and

may be referable to either S. (S.) subpunctatus or 5. (S.)

palinurus (q. V.).

Quenstedt's specific name 'P. ' globosus has been variously

employed in theliterature(discussionp. 104)onaccountof the

vagueness of the original description (1843) and the fact that

the name was subsequently applied by Quenstedt (1852,

1 858) to illustrations of both a specimen with about 60 plicae

and a specimen with about 30 plicae. The latter is indistin-

guishable from S. (S.j subpunctatus, as are specimens from the

Oxfordian with 32 plicae referred to Quenstedt's species by

Thurmann and Etallon (1862) and specimens from the

Tithonian with 32, 30, 30, 32, 30-35 and 34 plicae referred to

Quenstedt's species by, respectively, de Loriol (1867),

Philippi (1898), Remes (1903), Joukowsky and Favre (1913),

Faure-Marguerit (1920) and Yin (1931). Specimens referred

to Quenstedt's species by Siemiradzki (1893), Kilian and

Guebhard (1905) and Holder and Ziegler (1959) are of un-

certain Status because the number of plicae was not stated.

The sole observed type (GPIT 4-92-12; PI. 3, Fig. 17) of

'P. ' aequatus Quenstedt (Kimmeridgian) and the holotype
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Text fig. 85: Spondylopecten (S.) subpunctatus - length/umbonal

angle.
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(OD; BSPHG 1957 II 329; PI. 3, Fig. 18) of S. pro-

umbonatus Yamani (Tithonian) have respective numbers of

plicae (28, 31) and metric proportions (2, 3) that are indisting-

uishable from those of S. (S.) subpunctatus from comparable

horizons. Similarly the plical counts and metric proportions

(32-34; 4) supplied by Buvignier (1852) for TV Moreanus

(Oxfordian) and derived from the figures of 'P. ' Gemmel-

laroi Remes (Tithonian; 35; 5) and TV Palmyrensis Krum-

beck (Kimmeridgian; 28; 6) are inseparable from those of S.

(S.) subpunctatus from the appropriate horizon.

'P. ' arotoplicus Gemmellaro and Di Blasi (Tithonian) has a

plical count (32) within the ränge of S. (S.) subpunctatus from

the same stage and the large umbonal angle (95°) cited by the

authors appears to be nothing more than a consequence of

large size since L/UA (7) is within the ränge of projected

Tithonian ontogenies. TV Rocbati ni Loriol, also from the

Tithonian, has metric proportions (8) of the single known

specimen which are indistinguishable from those of S. (5.)

subpunctatus from the same stage. It therefore seems ex-

tremely likely that the abnormally large number of plicae (37)

represents extreme Variation within S. (S.) subpunctatus.

'P. ' erpus De Gregorio was erected for a specimen from

the Aalenian of Sicily whose number of plicae (28) and high

convexity suggest strongly that it is conspecific with S. (S.)

subpunctatus. Greco (1898) has figured a further specimen

with 32 plicae from the Aalenian of Calabria under the same

specific name.

5. STRATIGRAPHIC RANGE

Assuming that TV erpus is synonymous with 5. (S.) sub-

punctatus (see Section 4) the earliest records of the latter
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Text fig. 86: Spondylopecten (S.) subpunctatus - frequency distri-

butions for number of plicae in Oxfordian, Kimmeridgian and Titho-

nian specimens.

species are from the Opalinum zone of Calabria (Greco,

1898) and the Murchisonae zone of Sicily (De Gregorio,

1886a). Wendt (1971) considers that De Gregorio's species

ranges into the U. Bajocian in the latter area. Otherwise S.

(S.) subpunctatus is unknown before the Oxfordian.when it is

locally abundant. It is found thus until the U. Tithonian

(Boehm, 1883; Remes, 1903; Faure-Marguerit, 1920; Yin,

1931). The lack of Bathonian and Callovian records and the

consequent doubt that this attaches to the systematic position

of 'P. ' erpus could well be due to the rarity of the favoured

reefal facies in Europe (see Sections 7, 8).

6. GEOGRAPHICRANGE

The distribution of S. (S.) subpunctatus within Europe

(text fig. 82) is intimately linked with that of reefal deposits

(see Sections 7,8). Thus during its acme in the U. Jurassic the

species occurs most abundantly in S. Europe where this facies

is particularly well developed. The only record outside

Europe is from Kimmeridgian coral-bearing limestones in the

Lebanon (Krumbeck, 1905).

The absence of S. (S.) subpunctatus from reefal deposits in

the Oxfordian of England may indicate that latitudinal temp-

erature changes played some part in Controlling the distribu-

tion of the species (however, see Section 8).

The absence of S. (S.) subpunctatus from L. Bajocian coral

reefs in E. France need not affect the taxonomic Status of

roughly contemporaneous specimens referred to 'P. ' erpus

from S. Italy and Sicily (see Sections 4, 5). The latter areas

probably lav near the south side of Tethys thus it could be that

S. (S.) subpunctatus arose in that region and had insufficient

time to spread to more northerly latitudes before the L. Bajo-

cian. In any case there are some grounds for thinking (see p.

89) that reefs with a structure such as that of the L. Bajocian

reefs in E. France may have constituted an unfavourable en-

vironment for Spondylopecten.

7. DESCRIPTION OF ECOLOGY

The putative early records of S. (S.) subpunctatus from the

Aalenian and Bajocian of Sicily (see Section 5) are from Con-

densed deposits probably formed on a guyot within the

Tethyan ocean. Occasional intercalations of coral debris sug-

gest that reefs were periodically developed nearby (Wendt,

1963, 1971).

The species occurs abundantly in the Oxfordian coral reefs

of the Yonne (Peron, 1905) and Swiss Jura (de Lorioi, 1894)

in association with the fauna described on p. 88. The max-

imum height of Oxfordian S. (S.) subpunctatus is 32 mm
(MNS) and the ränge of plical Variation (text fig. 86) is from

29-35 (mode: 32).

Sponge 'reef facies in the Oxfordian and Kimmeridgian of

S. Germany contain numerous S. (S.) subpunctatus but the

adult height is rarely more than 5-7 mm(Staesche, 1926).

The plicae are also flat-topped and the L/UA ratio (1) is typi-

cally low compared to specimens from coral reefs. Examples

from the latter facies in the Kimmeridgian at Kelheim

(S. Germany) reach a maximum height of 35 mm(GPIT) and

are associated with a rieh bivalve fauna (Boehm, 1881a, b)

while those from sponge 'reef facies are typically associated
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with a low diversity/density bivalve fauna in which Isoarca is

the only form to occur in numbers (Nitzopoulos, 1974). S.

(S.) palinurus seems to be absent from the Kelheim reef but it

is common in coral/D;ceras facies in the Kimmeridgian of the

Jura where S. (S.) subpunctatus is unknown. The latter is also

absent from contemporaneous coral reefs at La Rochelle but

S. (S.) palinurus is in addition extremely rare.

The ränge of plical Variation in Kimmeridgian S. (S.) sub-

punctatus is from 27-31 (text fig. 86) and forms from reefal

facies seem to have a relatively high L/UA (text fig. 85) and

C/L (text fig. 84) compared to thejr Oxfordian counterparts.

In the Tithonian S. (S.) subpunctatus occurs, often in

abundance, in the coral reefs of Languedoc (Yin, 1931) and

Isere (Faure-Marguerit, 1920) in S. France, Geneva in Switz-

erland (de Loriol, 1867) Arnegg, Neuberg, Nattheim, Sir-

chingen and Wittlingen in S. Germany (GPIT; Staesche,

1926; Yamani, 1975), Stramberg in Czechoslovakia (Boehm,

1SS3; Remes, 1903) and near Palermo in Sicily (Gemmellaro

and Di Blasi, 1874; Gemmellaro, 1875) where the species

reaches a maximum height of 58 mm. The ränge of plical Vari-

ation is from 30-37 with a modeof 35 (text fig. 86; de Loriol,

1867) and L/UA (text fig. 85) and C/L (text fig. 84) are large

compared to Kimmeridgian and Oxfordian forms. The typi-

cal associated fauna is described on p. 88. S. (S.) palinurus

is only known to be an associate at Nattheim and there very

rarely . However, it may also be present in Sicily, Provence and

Czechoslovakia (see p. 94).

Apart from the occurrences discussed above S. (S.) sub-

punctatus is a rare species and none of the other definite rec-

ords (see Synonymy) are unrelated to the development of

reefal facies.

8. INTERPRETATION OF ECOLOGY

S. (S.) subpunctatus is an exemplar of the Standard view

(Hertlein 1969; Hallam, 1976) that Spondylopecten is a reef-

restricted genus. There is no evidence that anything other

than reefs were colonised during the U. Jurassic acme of 5.

(S.) subpunctatus thus the absence of the species from such

minor coral Stands as were colonised by the less restricted S.

(S.) palinurus in the M. Jurassic of Europe need not be con-

strued as evidence against the view that 'P. ' erpus is

synonymous with S. (S.) subpunctatus (see Section 4). The

absence of S. (S.) subpunctatus from genuine coral reefs in the

L. BajocianofE. France can beexplained plausibly in several

ways (see Section 6) while the general absence of the species

from other bioherms in the M. Jurassic of Europe (see Sec-

tion 5) could be due to their small size and scattered distribu-

tion.

Although a temperature dependence might account for the

absence of S. (S.) subpunctatus from some U. Jurassic reefs

(see Section 6) the inconsistent distribution in reefs of the

same palaeolatitude argues against the general applicability of

such an explanation. The abundance of other Spondylopecten

species in some of the reefs lacking 5. (S.) subpunctatus rules

out an appeal to the unsuitability of the general reef structure

(see p. 88) while an explanation in terms of a specific commen-
sal relationship (see p. 96) is excluded by the evidence that S.

(S.) subpunctatus used both corals and sponges as host. The
inverse correlation in numbers with S. (S.) palinurus at cer-

tain localities in the Kimmeridgian and Tithonian suggests a

further possible explanation for the irregulär distribution of

S. (S.) subpunctatus in the form of competition. However,

the co-occurrence of the two species in large numbers in the

Oxfordian (and probably at some localities in the Tithonian)

argues against this hypothesis. In any case, if Spondylopecten

species occupied different microhabitats (see p. 89) it seems

unlikely that they would have competed. .

The small size, low L/UA and flattened plicae of S. (S.)

subpunctatus in sponge 'reef compared to coral reef facies can

be attributed to stunting (see p . 99). Retardation of the rate of

size (L) increase while shape (UA) development maintained

the same rate would result in small absolute size and low

L/UA, and the small size for any given age would cause in-

creased abrasion by the Substrate of a Standard area of shell

surface and could thus be expected to lead to relatively flat-

tened plicae. The small size of the associated faunal elements is

further suggestive of the occurrence of stunting although an

analysis of growth lines is required to substantiate the

hypothesis. Since Nitzopoulos (1974) estimates the depth of

the sponge 'reefs' to have been between 50 and 100 m (com-

pared with a maximum of a few tens of metres for coral reefs)

an attractive explanation for stunting is available in terms of

the reduced food supply characteristic of greater depths (Für-

sich and Hurst, 1974).

9. FUNCTIONALMORPHOLOGY

As for S. (S.) palinurus little can be added to the general In-

terpretation of functional morphology in Spondylopecten

presented on p. 89. Variation in convexity provides support

for the inference of a 'wedged' mode of life and the higher

convexity of S. (S.) subpunctatus compared to 5. (S.)

palinurus in contemporary populations implies that the

former species occupied crevices, fissures etc. of a larger size.

Phyletic decrease in relative convexity might be explained

as a bioeconomical correlate of increased size, as has been

suggestedforS. (S.) palinurus (but see Section 10). However,

unlike the latter species there is no compensatory directional

change in the strength and stiffness provided by shell or-

namentation, since the mode and ränge of plical Variation

seems to oscillate at random. It is the author's impression,

nevertheless, that there is a positive correlation between con-

vexity and number of plicae at any one horizon so at least

some mechanical interdependence is implied, which may in

turn be related to phyletic size change.

The apparent phyletic decrease in relative umbonal angle

receives no obvious mechanical explanation and may simply

be an artefact of the measuring technique superimposed on

the 'proumbonate' form (Yamani, 1975) of later populations.

The maximum height of 58 mmis within the size ränge of

'unsupported' bysally attached Recent pectinids (see p. 97)

thus S. (S.) subpunctatus was probably byssate throughout

ontogeny. The inflated form suggests that if it did ever unat-

tach itself 5. (S.) subpunctatus could only have been a very

poor swimmer.

10. ORIGINS AND EVOLUTION

If S. (S.) subpunctatus arose after the Bajocian it is most

reasonable to conclude that 5. (S.) palinurus was the ancestor
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rather than vice versa as suggested on p. 97). However, if, as

seems very probable (see Section 5, 7, 8), 5. (S.) subpunc-

tatus arose in the Aalenian no ancestor is available within the

same subgenus. There is no particular reason for concluding

that S. (Plesiopecten) subspinosus must be the ancestor (see p.

83 ) and indeed on gross morphological grounds it would seem

likely that S. (S.) subpunctatus arose from a quite separate

stock. The first apparent occurrence of the species (Aalenian;

S. Italy, Sicily), outside what subsequently became the main

geographic ränge, provides evidence for such a view and also

Supports the 'allopatric' model of speciation.

5. (S.) subpunctatus exhibits some evidence for gradual

phyletic evolution. Maximum height increases from 32 mm
(Oxfordian) to 35 mm( Kimmeridgian) to 58 mm(Tithonian)

and within the limits of the available data there appears to be a

similar increase through this interval in L/C and L/UA (al-

though see Section 9) of specimens from coral reef facies.

Since both L/C and L/UA seem to increase allometrically in

ancestral (Oxfordian) populations descendant forms may

have arisen by the acceleration of shape development with re-

spect to size. However, heterochrony cannot account for the

periodic phvletic additions to the ränge of plical Variation

(Oxfordian 29-35, Kimmeridgian 27-3
1 , Tithonian 30-36) so

both structural and regulatorv genome evolution is implied.

Size increase and stenotopy are suggestive of 'K' selection

in the evolution of S. (S.) subpunctatus. The possible occur-

rence of acceleration is however more suggestive of V selec-

tion (Gould, 1977).

Phyletic reduction in relative convexity at least after the

Kimmeridgian might have been allowed by the vacation of the

appropriate niche through the decline of the relatively low

convexity species S. (S.) palinurus. The mean C/L of Tithon-

ian S. (S.) subpunctatus is however considerably lower than

that of S. (S.) palinurus at any time and besides the decline in

S. (S.) palinurus may be more apparent than real (see p. 94).

An alternative explanation for the reduction in convexity is

suggested in Section 9.

Spondylopecten (Spondylopecten) cardinatus

(QUENSTEDT1858)

PL 3, Figs. 20, 21; textfig. 87

Synonymy

1858 Pecten cardinatus sp. nov; QUENSTEDT, p. 627,

pl. 78, fig. 1.

v* 1883 Pecten spinicostatus sp. nov; WHIDBORNE,p. 502,

pl. 15, figs. 14, 14.1.

1916 Aequipecten spinicostatus (WHIDBORNE); PARIS

and RlCHARDSON,p. 522.

1926 Spondylopecten cardinatus (QUENSTEDT);

STAESCHE, p. HO.

p 1931 Pecten cordiforrnis GEMMELLAROand Dl BLASI;

YlN, p. 119, pl. 12, fig. 7, pl. 13, fig. 7 (non

GEMMELLAROand Dl BLASI sp.).

No trace of the type material of Pecten

cardinatus Quenstedt 1858, p. 627, pl. 78,

fig. 1 has yet been found in the Quenstedt

Collection (GPIT). The figured specimen

was derived from the Weisser Jura y (Kim-

meridgian) of Heuburg, S. Germany.

1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

, Werden die Formen größer, dann treten zwar Unsicher-

heiten in der Bestimmung ein, doch will ich noch einen davon

als Pecten cardinatus Tab. 78, Fig. 1 unterscheiden. Die

Form nach schließt er sich an globosus Fig. 2 an, aber feine

Rippen sind viel breiter. Ich würde ihn dennoch globosus y

genannt haben, wenn nicht der Name'eingezapft' passend auf

die Schloßzähne anspielte, welche ich bereits in Handb. Pe-

tref. Pag. 507 nachwies. Diese Zahnung des Schlosses ist bei

verkieselten so eigentümlich, daß vielleicht später daraus eine

besondere Gruppe Cardinaten gemacht werden kann. Kann

ich auch bei diesen Verkalkten die Zähne nicht nachweisen, so

ist wegen der Analogie an der Existenz nicht zu zweifeln. Die

Rippen sind schmal, sehr erhaben, und zu beiden Seiten gehen

in den Furchen eigentümliche Zähnchen herab, die sich nicht

berühren. Nur in der Jugend scheinen diese Zähnchen wie bei

subpunctatus die ganze Furche zu füllen.'

2. AMENDEDDIAGNOSIS

Distinguished from all other species of S. (Spondylopecten)

by the number of plicae (42-48).

3. AMENDEDDESCRIPTION

Essentially similar to S. (S.) subpunctatus. Differing by the

diagnostic larger number of plicae (see Section 2), whose

ränge of Variation, if anything, increases phyletically (see Sec-

tion 10) and by the generally higher umbonal angle, whose

ränge of Variation is from 91° (BM 66825) to 107° (BM

L8434I).

There is insuffieient data to chart phyletic changes in um-

bonal angle ,\nc\ convexity; C/H for Bajocian forms is plotted

in text fig. 87.

The maximum height is 33.5 mm(BM L41934).

4. DISCUSSION

The original description of 'P.' cardinatus Quenstedt (see

Section 1 ) does not specify the number of plicae but the figure

shows about 36, which suggests that it might be an extreme

representative of S. (S.) subpunctatus. There seem to be no

traces of the original to the figure (or of any other type speci-

mens) in the Quenstedt Collection (GPIT) and it may be lost.

However, Staesche (1926) probably had access to the speci-

men and applied the name to forms with about 45 plicae, as in

the species described in Section 3. If it could be established

beyond reasonable doubt that Quenstedt's type material is

lost the most sensible course would be to designate a neotype

in conformity with Staesche's hypodigm. Until this is done

the species described in Section 3 can only provisionally be

accorded the name S. (S.) cardinatus.

Thesoleobserved syntvpeof 7V spinicostatus Whidbokm

(BM 66825; PI. 3, Fig. 21) possesses about 45 plicae and in its

convexity (1) and number of spine rows (2) is indistinguish-

able from S. (S.) cardinatus.

Of the specimens which Yin (1931) placed in TV cordifor-

rnis Gi \i\n i i \RO and Di Blasi, only one, with 60 plicae, is re-

ferable to that species (= 5. (S.) globosus). The remainder,

with 42-48 plicae, are inseparable from S. (S.) cardinatus.
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Text fig. 87: Spondylopecten (S.) cardinatus - convexity/height.

5. STRATIGRAPHIC RANGE

Although a long-lived species S. (S.) cardinatus is only

known from a few disjunct records. The earliest is from the

Parkinsoni zone (U. Bajocian) of the Cotswolds where at

least seven specimens (see Section 7) have been found.

Staesche (1926) states that the species occurs sporadically in

the Oxfordian and Kimmeridgian of S. Germany but it would

seem that only two specimens have actually been recovered,

one from the U. Oxfordian (GPIT) and one from the Kim-

meridgian (Staesche's measured specimen). A further two

specimens (GPIT, BM49199) are known from the L. Titho-

nian of the same area. 15 specimens are recorded from the

U. Tithonian of S. France (Yin, 1931).

6. GEOGRAPHICRANGE

S. (S.) cardinatus is unknown outside Europe. Within

Europe, records are widespread but patchy (see Section 5).

They seem to indicate a gradual southward migration.

7. DESCRIPTION OF ECOLOGY

S. (S.) cardinatus is found in the U. Coral Bed (U. Bajo-

cian) at Dundry nr. Bristol and its probable lateral equivalent

at Cleeve Cloud nr. Cheltenham (assoc. fauna p. 95). Seven

specimens are contained in the BM, three with 43 plicae, three

with 44 and one with 46. The maximum height is 33.5 mm
(BM L41934).

Specimens from the Oxfordian and Kimmeridgian of

S. Germany (see Section 5) are, accordingto Staesche (1926),

derived from sponge 'reef facies (fauna p. 101). Staesche cites

a height of 31 mmfor a Kimmeridgian specimen. Specimens

from the L. Tithonian of Nattheim (Swabian Alb) and from

the U. Tithonian of Languedoc (see Section 5) are derived

from coral reef facies (fauna p. 88) and have a ränge of plical

Variation from 42—18. The largest known specimen has a

height of about 25 mm(BM 49199).

8. INTERPRETATION OF ECOLOGY

It is apparent from Section 7 that coralliferous deposits con-

stituted the most favourable environment for S. (S.) car-

dinatus. Both short-lived coral Stands and reefs seem to have

beensuitable(cf. Hertlein, 1969;Hallam, 1976) although by

no means all such coral accumulations were colonised. In par-

ticular, the absence of S. (S.) cardinatus from the coralliferous

deposits in the Oxfordian of England and E. France, the Ox-

fordian and Kimmeridgian of the Jura, and the Tithonian of

the Franconian Alb, Czechoslovakia and Sicily, is very notice-

able. An explanation in terms of the general structure of the

coral accumulations (see p. 88) is precluded by the presence of

other Spondylopecten species and the invocation of inter-

specific competition (see p. 101) does nothing to solve the

problem since at one time or another S. (S.) cardinatus occurs

with abundant examples of each of the other 5. (Spondylo-

pecten) species (e. g. with S. (S.) palinurus in the U. Bajocian

of England, with S. (S.) subpunctatus in the U. Tithonian of

France and with S. (S) globosus in the L. Tithonian ofS. Ger-

many). A highly specific commensal relationship (see p. 96)

seems to be ruled out by the fact that S. (S.) cardinatus was

apparently able to colonise sponge as well as coral accumula-

tions and a temperature control can be discounted because the

distribution of the species is still inconsistent in coralliferous

deposits at the same palaeolatitude (e. g. in the S. German

Tithonian).

9. FUNCTIONALMORPHOLOGY

As for other species of S. (Spondylopecten) little can be ad-

ded to the general Interpretation of functional morphology

presented for the genus as a whole (p. 89). The considerable

Variation in convexity of S. (S.) cardinatus is further sugges-

tive of a ' wedged' mode of life. The comparable mean convex-

ity to that of both S. (S.) palinurus and S. (S.) subpunctatus

suggests that cavities of the order of size occupied by these

species were also colonised by S. (S.) cardinatus.

The small maximum height (33.5 mm) indicates that S. (S.)

cardinatus could have remained byssate throughout on-

togeny (see p . 101) and it is likely that, even if it did unattach it-

self, swimming would have been severely restricted by the in-

flated form.

10. ORIGINS ANDEVOLUTION

Assuming that S. (S.) subpunctatus arose in the Aalenian

(seep. 100) the latter is the most likely ancestor for S. (S.) car-

dinatus. Otherwise the only possible ancestor within the sub-

genus is S. (S.) palinurus. In neither case could trans-specific

evolution have been based on heterochrony so some major

change in the genome is implied. There is no evidence that this

occurred gradually.

There is too little data to allow a confident assertion of the

existence of phyletic evolution within S. (S.) cardinatus.

However a slight phyletic increase in the ränge of plical Varia-

tion (from 43^16, U. Bajocian to 42^18, U. Tithonian) and a

decrease in maximum height (from 33.5 mm, U. Bajocian to

3 1 mm, Kimmeridgian to about 25 mm, U. Tithonian) is in-

dicated by the few available specimens. Both trends would

seem to indicate V selection (Gould, 1977) in contrast to the

apparent field occurenceof the species, asafairly rareelement

in high diversity faunas (see Section 7), which suggests the

prevalence of 'K' selection.



104

Spondylopecten (Spondylopecten) globosus (Quenstedt 1843)

PI. 3, Figs. 22-24; text fig. 88

Synonymy

Pecten globosus sp. nov; Qui NSTEDT, p. 476.

Pecten globosus QUENSTEDT;QUENSTEDT,p. 507,

pl. 40, fig. 46 (non fig. 45).

Pecten globosus Quenstedt; Quenstedt, p. 755,

pl. 92, fig. 20 (non pl. 78, fig. 2).

Pecten Globosus QUENSTEDT; THURMANNAnd

ETALLON, p. 250, pl. 35, fig. 1

.

Pecten globosus QUENSTEDT;DE Loriol, p. 335,

pl. 13, fig. 3.

Pecten cordiformis sp. nov; GEMMELLAROand Dl

BLASI, p. 108, pl. 2, figs. 11-15.

Pecten cordiformis GEMMELLAROand Dl BLASI;

GEMMELLARO,p. 43.

Pecten cordiformis GEMMELLAROand Dl BLASI;

Boehm, p. 61 1, pl. 67, figs. 27-29.

Spondylus globosus (Quenstedt); Boehm, p. 644,

pl. 70, figs. 3,4.

Pecten globosa QUENSTEDT;SiEMIRADZKI, p. 119.

Pecten (Spondylopecten) globosus QUENSTI DT;

PHILIPPI, p. 620, text figs. 6, 7.

Spondylopecten G. Boehmi sp. nov; PHILIPPI,

p. 620.

Pecten cordiformis GEMMELLAROand Dl BLASI;

Rimis, p. 202, pl. 29, fig. 6.

Pecten G. Boehmi PHII 1PPI; REMES, p. 205.

Pecten (Spondylopecten) globosus QUENSTEDT;

REMES, p. 205.

Pecten (Chlamys) globosus Quenstedt; Kilian

and GUEBHARD,p. 817.

Pecten globosus Quenstedt; LlSSAJOUS, p. 362,

pl. 10, fig. 5.

Pecten globosus Quenstedt; Joukowsky and

Favre, p. 40, pl. 17, figs. 3-6.

Pecten cordiformis GEMMEILARO and Dl BlASl;

Faure-Marguerit, p. 57.

Pecten (Spondylopecten) globosus QUENSTEDT;

Faure-Marguerit, p. 60.

Spondylopecten globosus (QUENSTEDT);

STAESCHE, p. I 10.

Pecten (Spondylopecten) globosus QUENSTEDT;

YlN, p. 118, pl. 12, figs. 3-6.

Pecten cordiformis GEMMELLAROand Di Blasi;

YlN, p. 1 19, pl. 12, fig. 7, pl. 13, fig. 7.

Spondylopecten globosus (QUENSTEDT); DECHAS-

laux, p. 66.

Spondylopecten globosus (QUENSTEDT); HöLD] K

and Ziegler, p. 165.

Spondylopecten globosus (QUENSTEDT); Yamani,

p. 62, pl. 3, figs. 7-9.

Lectotype of Pecten globosus Quenstedt

1843, p. 476 designated herein; GPIT
2^0-46; figured Quenstedt, 1852, pl. 40,

fig. 46, 1858, pl. 92, fig. 20; PI. 3, Figs. 22,

23 herein; H: 23, L: 25, AH: 7.5, PH: 5.5,

1: 16, C: 24, UA: 94, PL: 63; Malm ( (L.

Tithonian; see p. 105), Nauheim, Swabia.

1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

, Beide Schalen sind aufgebläht, wie die gewölbte Schale des

P. gryphaeatus der Kreide, und nähern sich insofern aufein-

ander geklappt der Kugelform, die Rippen markiert und nie

dichotum, große Symmetrie, wie bei Pectunculus, auch ste-

pv*
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Boehm (1883), Lissajous (1910), Staesche (1926), De

chaseaux (1936) and Yamani (1975) apply Quenstedt's

specific name to forms with about 60 plicae. All but Lissaji il S

give a clear indication that their concept of Quenstedt's tax-

onomic species is restricted to such forms by referring other

specimens with about 30 plicae to different species. Staesche

suggests moreover that Quenstedt himself may have intended

such a restriction in Der Jura. It is Staesche's contention

that in the latter work (1858), in which 'P. ' aequatus, a new

species with about 30 plicae is also figured, Quenstedt ap-

plied the name 'P.' globosus by mistake to an Illustration of

the cardinal area of a form with about 30 plicae which he really

meant to label as a second figure of 'P. ' aequatus. On these

grounds Staesche draws the logical conclusion that in 1858

Quenstedt restricted his hypodigm for 'P. ' globosus to forms

with about 60 plicae. There is however no a priori reason to

think that Quenstedt made a nomenclatural error and furth-

ermore there are no grounds for believing, as Staesche seems

to imply , that Quenstedt intended such a restriction all along.

The description in 1 843 and the illustrations in 1 852 belie this

reasoning (see above). On the available evidence one must

draw the conclusion that Quenstedt erected 'P. ' aequatus as

a species distinct from the original specimen of 'P. ' globosus

with about 30 plicae.

In summary it can be said that previous restricted usage of

Quenstedt's taxonomic species is, on the basis of specimens

described in the literature studied by the author, apparently

equallv divided between forms with about 30 and forms with

about 60 plicae. Weight of numbers therefore gives no lead in

the selection of an appropriate lectotype for 'P.' globosus.

The first author to apply Quenstedt's specific name in a

clearly restricted sense was Boehm (1883) who used the name

for forms with about 60 plicae. Therefore on grounds of his-

torical precedence the original specimen with about 60 plicae

is the most appropriate choice for the lectotype of

'P. ' globosus. Since this specimen appears to be the only one

remaining of the two originally housed in the GPIT such a

selection also avoids any possible need to designate a neotype.

Accordingly the specimen with about 60 plicae (PI. 3,

Figs. 22, 23) is herein designated as lectotype. As a result

Spondylopecten G. Boehmi Philippi, which was erected for

this and another specimen (following restriction of Quens-

tedt's taxonomic species to the original specimen with about

30 plicae), would seem to become a junior objective synonym,

and if so must be rejected.

Non-synonymous and questionably synonymous usages

of Quenstedt's specific name quoted in the synonymy are

discussed on p. 99. All other usages are within the present au-

thor's hypodigm for S. (S.) globosus (see Section 3).

'P.' cordiformis Gfmmellaro and Di Bi asi is inseparable

from S. (S.) globosus by its inflation (C/L: 0.94) and number

of plicae (56). Nevertheless Boehm ( 1 883) considered that the

two species should be placed in separate genera (cordiformis

in Pecten, globosus in Spondylus) on the basis of the lack of a

cardinal area in the former and of a byssal notch in the latter.

However, STAESCHE(1926) has pointed out that this is merely

the result of poor preservation and that therefore the species

cannot be separated at any level. Of the forms referred to

Gemmellaro and Di Blasi's species by Yin (1931) only one,

with 60 plicae, is referable to S. (S.) globosus. The remainder,

with 42-48 plicae, must be assigned to 5. (S.) cardinatus.

5. STRATIGRAPHIC RANGE

An indeterminate number of specimens from the U. Ox-

fordian of the Mäconnais (Lissajous, 1910; Dechaseaux,

1936) constitutes the first certain record of S. (S.) globosus.

Yamani (1975) states that the species occurs in the Callovian

of S. France but provides no evidence in the form of a refer-

ence. His record of the species from the Kimmeridgian of

S. Germany is also doubtful since it is probably based on

Quenstedt's (1843) description of 'P.' globosus from

Kelheim (see Section 1 ), which may in fact refer to S. (S.) sub-

punctatus (see Section 4). No museum specimens of S. (S.)

globosus are known from the latter locality but examples of S.

(S.) subpunctatus are quite common. A specimen of S. (S.)

globosus labelled 'Malm f , Ulm' in the GPIT could well be

from the L. Tithonian rather than the Kimmeridgian, as the

Text fig. 88: Spondylopecten (S.) globosus - European distribution.
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label implies. Museum specimens from the L. Tithonian reef

facies in S. Germany are invariably incorrectly labelled in this

way. Since the only other record of Kimmeridgian S. (S.)

globosiis (Holder and Ziegler, 1959) isof questionable valid-

ity (see p. 99) there are no unequivocal occurrences of the

species in the stage.

S. (S.) globosus becomes locally common in the L. Titho-

nian and continues thus into the U. Tithonian (Gemmeixaro

and Di Blasi, 1874; Gemmeixaro, 1875; Boehm, 1883;

Faure-Marceurit, 1920; Yin, 1931).

6. GEOGRAPHICRANGE

S. (S.) globosus is unknown outside Europe. Within

Europe (text fig. 88) the species is restricted to the central and

southern parts of the continent, where its local distribution is

intimately linked with that of coralliferous deposits (see Sec-

tions 7, 8).

7. DESCRIPTION OF ECOLOGY

The records of 5. (S.) globosus from the U. Oxfordian of

the Mäconnais (see Section 5) are from coralliferous lime-

stones. The ränge of plical Variation is apparently from 55-65

(Dechaseaux, 1936).

In the L. Tithonian S. (S.) globosus is reported to be com-

mon in the coral reefs at Nauheim, Sirchingen and Wittlingen

inSwabia(SrAESCHF, 1926) and to alsooccur in the same facies

at Neuburg in Franconia (Yamani, 1975). The ränge of plical

Variation is from 51 (GPIT) - 65 (Staesche, 1926) and the

maximum height is 26.9 mm(Staesche, 1926). The species is

also known from coral reef facies in the U. Tithonian of

S. France (Faure-Margufrit, 1920; Yin, 1931), Sicily (Gem-

mellaro and Di Blasi, 1874;Gemmellaro, 1875) and Czecho-

slovakia (Boehm, 1883; Remes, 1903) where it is particularly

abundant and reaches a maximum height of 24 mm(BM
L23886). The ränge of plical Variation in U. Tithonian forms

is from 56 (Gemmellaro and Di Blasi, 1S74) to 71 (BM

LL 17205). The rypically associated fauna in Tithonian oc-

currences of S. (S.) globosus is described on p. 88.

There are no certain occurrences of S. (S.) globosus apart

from those discussed above.

8. INTERPRETATION OF ECOLOGY

It is clear from Section 7 that S. (S.) globosus was a coral

reef-dwelling species. However, by no means all such reefs

were colonised. The absence of the species from reef and

reef-derived Sediments in the Oxfordian of England, N.

France and N. Germany (see Section 6) could perhaps be the

consequence of a temperature restriction. However, the in-

consistent distribution in coral reefs at approximatelv the

same palaeolatitude (presence in the Tithonian of Czecho-

slovakia and S. Germany, absence from the Oxfordian of the

E. Paris Basin, Oxfordian and Kimmeridgian of the Jura,

Kimmeridgian of La Rochelle and probably also Kelheim) ar-

gues against this hypothesis. While the general reef structure

might be the cause of the lack of S. (S.) globosus at La

Rochelle (see p. 88) it cannot be invoked as an explanation for

absences from the other reefs, in each of which at least one of

the other S. (Spondylopecten) species is known to occur

commonly. Competitive exclusion by S. (S.) palinurus is

another possible explanation since the latter is present at all of

the above localities where S. (S.) globosus is absent, apart

from Kelheim. Moreover, the two species are not known to

occur together in large numbers at any locality. However, if

Spondylopecten species occupied different microhabitats (see

p. 89) it seems unlikely that they would have competed and

indeed there is little evidence of competition in general (see p.

103). An alternative explanation for the distribution of 5. (S.)

globosus in terms of a commensal relationship with one par-

ticular coral species must also be considered doubtful on the

basis of the failure of such a hypothesis (see p. 96) to account

for the irregulär distributions of other S. (Spondylopecten)

species. There is, however, no specific reason for rejection in

the case of S. (S.j globosus.

9. FUNCTIONALMORPHOLOGY

Little can be added to the general Interpretation of func-

tional morphology in Spondylopecten presented on p. 89.

The maximum height of 26.9 mmindicates that the species

could have remained byssate throughout ontogeny (see p. 101)

while the inflated form renders it likely that if it unattached it-

self at all, S. (S.) globosus could only have been a very ineffi-

cient swimmer.

Such phyletic changes in height and plical Variation as may

have occurred (see Section 10) are too small to have had any

effect on the mechanics of the shell (cf. pp. 97, 101).

10. ORIGINS AND EVOLUTION

The most likely ancestor for S. (S.) globosus is 5. (5.) car-

dinatus. A 'genetic revolution' presumably accompanied

speciation since the lack of ancestral allometry rules out

evolution by heterochrony. There is no evidence that specia-

tion occurred gradually, but some Suggestion that it occurred,

at least on a small scale, allopatrically, since the first occur-

rence of S. (S.) globosus is as an isolated population (U. Ox-

fordian, Mäconnais) apparently at the edge of the contem-

poraneous geographic ränge of S. (S.) cardinatus.

The apparent phyletic oscillation in the median number of

plicae (60, U. Oxfordian; 58, L. Tithonian; 63/64,

U. Tithonian) may well be more a consequence of the limited

number of museum specimens available to the author than a

reflection of a real phenomenon.

Museum specimens indicate no sigmficant change in max-

imum height in the passage from L. (26.9 mm) to U. (24 mm)
Tithonian.

Genus CAMPTONECTESAgassiz in Meer 1864

Type species. SD; Stoliczka 1871, p. 425; Pecten lens J.

Sowerby 1818, p. 3, pl. 205, figs. 2, 3; Corallian Beds (Ox-

fordian) of the Oxford district.

AMENDEDdiagnosis

Part or all of exterior ornamented with fine, oblique, diver-

gent, curved, crenulated, commonly punctate Striae and con-

centnc lines or raised laminae. L. Jur. - U. Cret., cosmop.
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DISCUSSION

Hertlein's (1969: N351) diagnosis for Camptonectes has

been slightly altered so as to expressly include forms (e. g. C.

(C.) subulatus, C. (Camptochlamys) clathratus) which only

have :he distinctive divarieate ornament on a small part of the

shell. Such forms are undoubtedly related to the more typical

members of the genus well provided with divarieate Orna-

ment. Examples of C. (C.) subulatus which possess only a

small byssal noteh (e. g. PL 4, Fig. 7) closely resemble the

contemporaneous species Entolium (E.) lunare. They may,

however, be distinguished by the features described on p.

35 thus there is little evidence to support Staesche's (1926:

55) contention that Camptonectes and Entolium are conver-

gent in the L. Jurassic.

Radulopecten vagans (see Johnson, 1981) could be used to

text this hypothesis. However, until this is undertaken it seems

preferable to treat the two groups as separate species. A simi-

lar approach is taken for Group 1 , in which the high H/L (text

fig. 118) and H/UA (text fig. 119) might merely be an

ecophenotypic response of Group 2 to the coral reef habitat.

Recent species from such environments often take on an elon-

gated shape as the result of the physical restriction on growth

imposed by a dense coral framework (Waller, 1972b).

Although within Group 2 there are systematic variations in

metric proportions with horizon and geography these are

more easily interpreted as an expression of respectively phyle-

tic evolution and ecophenotypic Variation (see p. 117) in a

Single species rather than as a result of the existence of nume-

rous species within Group 2.

Subgenus CAMPTONECTESs. s.

(Errors Campstonectes von Teppner 1922 [nom. null.]

Campitonectes Salisbury 1939 [nom. null.]

Camponectes Vyalov and Korobkov 1939

[nom. null.])

AMENDEDDIAGNOSIS

Concentric seulpture of fine growth lines. L. Jur. (Het-

tang.) - U. Cret. (Maastricht.), cosmop.

DISCUSSION

In his diagnosis.HERTLEiN (1969: N351) stated that the first

oecurrence of C. (Camptonectes) was in the U. Lias (Toar-

cian). C. (C.) subulatus and C. (C.) auritus are known, how-

ever, from the lowermost horizons in the Lias.

In well preserved material four groups may be distin-

guished in Jurassic C. (Camptonectes) on the following basis:

1. Sub-ovate disc, fine divarieate Striae on all parts of disc

(= C. (C.) virdunensis)

.

2. Sub-orbicular disc, fine divarieate Striae on all parts of

disc 6= C. (C.) auritus).

3 . Sub-orbicular disc, coarse divarieate Striae on all parts of

disc (= C. (C.) laminatus).

4. Sub-orbicular disc, fine divarieate Striae restricted to an-

terior and posterior margins of disc (= C. (C.) subula-

tus).

As pointed out by Arkell (1930a), Group 3 may also be

distinguished from Group 2 by the presence of comarginal

lamellae on the anterior auricle of the left valve. Contrary to

Arkell's opinion lamellae are not consistently developed on

the posterior auricle of the right valve in Group 3 and it is not

possible to distinguish the two groups on the basis of H/L
(text figs. 98, 108) or H/UA (text figs. 99, 109). Group 3 al-

most entirely replaces Group 2 in the Bathonian of Europe

yet there are no certain records of Group 2 elsewhere to

evince a migration. The possibility therefore that the coarser

ornament distinguishing Group 3 is merely an ecophenotypic

response of Group 2 to Bathonian environments cannot be

entirely discounted. An analysis along the lines adopted for

Camptonectes (Camptonectes) subulatus (Münster 1836)

PL 4, Figs. 3-5, 7, 8, ?Figs. 6, 9; text figs. 89-97

Synonymy

? 1833 Pecten textilis sp. nov; MUNSTERin GOLDFUSS,

p. 43, pl. 89, figs. 3a-d.

1836 Pecten subulatus sp. nov; MÜNSTERin GOLDFUSS,

p. 73, pl. 98, figs. 12a-c.

v* 1836 Pecten calvus sp. nov; GOLDFUSS, p. 74, pl. 99,

figs. la-c.

1836 Pecten substriatus sp. nov; Roemer, p. 71.

? 1839 Pecten dextilis Münster; Roemer, p. 28, pl. 28,

figs. 24a-c.

v* 1850 Pecten Castor sp. nov; D'ORBIGNY, v. 1, p. 220

(BOULE, 1907, v. 2, p. 167, pl. 23, fig. 15).

(?) 1850 Pecten subulatus MONSTER; D'ORBIGNY, v. 1,

p. 257.

(?) 1850 Pecten calvus GOLDFOSS;D'ORBIGNY, v. l,p.257.

? 1858 Pecten amatus sp. nov; ANDLER, p. 644.

v*? 1858 Pecten disparilis sp. nov; QüENSTEDT, p. 47,

pl. 4, figs. 8, 9.

v* 1858 Pecten punctatissimus sp. nov; QüENSTEDT,p. 79,

pl. 9, fig. 14.

v* 1858 Pecten strionatis sp. nov; QüENSTEDT, pp. 147,

183, pl. 18, fig. 21, pl. 23, fig. 2.

? 1858 Pecten Trigen sp. nov; Oppel, p. 103.

1863 Pecten subulatus MONSTER;SCHLONBACH,p. 544.

? 1865 Pecten punctatissimus QüENSTEDT;TERQUEMand

PlETTE, p. 103, pl. 12, fig. 62.

1865 Pecten jamoignensis sp. nov; TERQOEMand

PlETTE, p. 104, pl. 12, figs. 20, 21.

v*? 1866 Pecten Ethendgü sp. nov; TAWNEY,p. 81, pl. 3,

fig. 4.

1870 Pecten Lobbergensis sp. nov; EMERSON,p. 318,

pl. 9, figs. 4, 4a, 4b.

) 1871 Pecten subulatus MONSTER;Brauns, p. 393.

) 1876 Pecten calvus GOLDFOSS;Täte and Blake, p. 362.

) 1876 Pecten punctatissimus QüENSTEDT; Täte and

Blake, p. 362.

1876 Pecten Lobbergensis EMERSON;Täte and BLAKE,

p. 362.

(?) 1876 Pecten substriatus ROEMER; Täte and BLAKE,

p. 362.

1878 Pecten (Amusium) Bellampensis sp. nov; GEM-
MELLAROand Dl Blasi, p. 403, pl. 30, figs. 15, 16.

1881 Pecten Tullbergi sp. nov; Lündgren, p. 28, pl. 5,

figs. 11, 12.

v* 1884 Pecten punetatus sp. nov; SIMPSON, p. 171.

? 1888 Pecten Lundgreni sp. nov; MOBERG.p. 35, pl. 1,

figs. 27-32.
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Length of anterior hinge possibly increasing at a decreasing

rate (text fig. 96).

Centre of disc exterior smooth in both valves. In well pre-

served specimens anterior and posterior margins, particularly

in the dorsal region, bearing fine divaricate Striae (PI. 4,

Fig. 3), rendered 'punctate' by the intersection of comarginal

Striae. Inner shell layers formed into radial Striae of low amp-

litude (PI. 4, Fig. 8).

Shell very thin. Outer layer including at least one sub-layer

of divaricate fibres.

20
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Text fig. 92: Camptonectes (C.) subulatus - intersinal distance on

right valve/length.

4. DISCUSSION

The taxonomy of the weakly ornamented L. Jurassic Pec-

tinidae has been a subject of considerable confusiön. Distinc-

tion at the generic level is dealt with on pp. 35, 107. The prolif-

eration of names at the specific level has resulted largely from

a failure to appreciate the Wide but continuous ränge of Varia-

tion in metric proportions of the species described in Sec-

tion 3 and the ränge of sculptural patterns in the latter result-

ing from abrasion and dissolution of the thin shell. Four main

sculptural patterns (analogous f o those observed in Pro-

peamussium (P.) pumilum by Holder (1978)) can be recog-

nised in the passage from complete shell preservation to inter-

nal mould.

a) Perfect preservation produces shells eonforming to the

description in Section 3.

b) Loss of the very thin shell layer bearing 'Camptonectes-

ornament' on the lateral disc margins and auricles, leaves a

smooth but relativelv thick shell bearing traces only of co-

marginal Striae (PI. 4, Figs. 4, 7).

c) Loss of a further shell layer results in the exposure of rad-

ial Striae which form a reticulate pattern with the comarginal

Striae (PL 4, Fig. 5; postero-ventral of centre), this standing

out as rows of comarginal 'punctae' (cf. a) in suitably fine

Sediment.

d) Loss of the remainder of the outer layer leaves only the

radial Striae of the inner shell layers which persist to the inter-

nal shell surface and thus appear on moulds (PI. 4, Fig. 8).

Paired valves often exhibit different sculpture, with the

right valve usually representing a more ad vanced State of abra-

sion, presumably as the result of more frequent contact with

the substratum during life.

BML40676 (PI. 4, Fig. 5) exhibits, in different parts of the

shell, each of the first three preservation states referred to

above, thus convincingly demonstrating that they do not re-

flect genetic differences. That forms corresponding to pre-

servation State d) are conspecific is made clear by the fact that

their metric proportions (specimens marked with a glyph in

text figs. 89-96) are inseparable from more perfectly pre-

served specimens. However, the development of fine radial

Striae is not restricted to the species under discussion but is

also seen in, for instance, small or abraded examples of the

'fine' phenorype of Chlamys (Ch.) textoria. Thus, where

original material and figures are poor or lacking and descrip-

tions inadequate, there remains considerable taxonomic un-

certainty (see below).

Type and original specimens and figures of type specimens

apparently corresponding to preservation State a) are: -

1

.

The holotype (OD) of Camptonectes mundus Melville

(IGS 28760).

2. The original of C. sp. Dechaseaux (NM).

3. The original figure of C. (C.) fromageti Hayami.

4. The original figure of 'Pecten' lundgreni Moberg.

In each of the above cases metric proportions plot within

the ranges of text figs. 89-96. Troedsson (1951) referred

Moberg's species to Entolium. Since he may have had access

to the type material it is possible that the appearance of divari-

cate Striae on the original figure may be a misrepresentation of

the divaricate fibres which are present in the outer shell layer

of Entolium as well as the species described in Section 3. In

the case of C. (C.) fromageti (a species described from Viet-

nam) it is possible that the lack of 'Camptonectes- Ornament'

in the median part of the shell is not due to an original absence

but to wear of what was previously a more completely or-

namented shell.
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Text fig. 93: Camptonectes (C.) subulatus - depth of byssal

notch/length.

Type specimens and figures of type specimens correspond-

ing to preservation State b) are: -

5. A syntype of TV calvus Goldfuss (GPIB 609; PI. 4,

Fig. 4).

6. The two known syntypes of 'P. ' dehmensis Ernst

(GPIG).
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Text fig. 94: Camptonectes (C.) subulatus - height of anterior

auricle/length.

7. The original figure of TV sublaevigatus Ernst.

8. The original figure of 'P.' rinki Lundgren.

9. The original figure of TV (Amusium) Bellampensis

Gemmellaro and Di Blasi.

10. The original figure of TV tingensis Tilmann.

Numbers 5-9 plot within the ranges of text figs. 89-96.

Most of the 16 syntypes of 'P.' tingensis (GPIB; from Peru)

are unlike Tilmann's figure in that they display radial and, in

some cases, comarginal Ornament. It is therefore very doubt-

ful whether 'P'. tingensis can be referred to the species de-

scribed in Section 3. Goldfuss' specific name calvus has been

applied to figured specimens which by the configuration of

the auricles are clearly referable to Entolium (E.) lunare

(Staesche, 1926; Troedsson, 1951). With the evident possi-

bility of confusion unfigured references to Goldfuss' species

in d'Orbigny (1850), Täte and Blake (1876), Joly (1907) and

Wobber (1968) cannot safely be synonymised with the species

under discussion. Fucini's (1906) figure of Gemmellaro and

Di Blasi's species may also refer to E. (E.) lunare and And-

ler's (1858) unillustrated species 'P.' amatus, described only

as a smooth flat shell with comarginal Striae, has a similarly

equivocal Status.
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Text fig. 95: Camptonectes (C.) subulatus - posterior hinge

length/length.
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Text fig. 96: Camptonectes (C.) subulatus - anterior hinge

length/length.

Type specimens and figures and descriptions of type speci-

mens corresponding to preservation State c) are: -

11. The holotype (M) of 'P.' punctatissimus Quenstedt

(GPIT).

12. The original figure of 'P. ' Lohbergensis Emerson.

13. The original description of TV substriatus Roevier.

14. The single observed type of TV punctatus Simpson

(WM604).

Metrie proportions of 1 1 and 12 plot within the ranges of

text figs. 89-96. Both Quenstedt's and Roemer's specific

names have been applied (by respectively Terquem and Piet-

te, 1865 and Staesche, 1926) to quite strongly striate speci-

mens which may be referable to Chlamys (Ch. ) textoria.

Therefore, bearinginmind theremarksmadeonp. llOitseems

wise to regard inadequately characterised references to these

species in Täte and Blake (1876), Cox (1928), Rosenkrant/

(1934, 1942), and Dechaseaux (1936) as of uncertain tax-

onomic position.

Type specimens and figures and descriptions of type speci-

mens corresponding to preservation State d) are: -

15. The sole observed syntype of TV disparilis Quenstedt

(GPIT 4-4-8; PI. 4, Fig. 6).

16. A syntype of TV strionatis Quenstedt (GPIT).

17. The holotype (M) of TV Castor d'Orbigny (MNS).

18. The original figure of TV subulatus Munster.

19. The original figure of TV jamoignensis Terquem and

Piette.

20. The original figure of 'P. ' Tullbergi Lundgri \.

21. The original figure of TV Etheridgii Tawney.

22. The original figure of TV textilis Munster.

23. The original description of TV Trigeri Oppel.

Numbers 1 5-20 have metne proportions which plot within

the ranges of text figs. 89-96. However, TV disparilis dis-

plays particularly prominent radial Striae and bearing in mind

lts honzon of denvation (Planorbis zone) might be an exam-

ple of Chlamys (Ch.) valoniensis. The same may also be the

case for TV Etheridgii (syntypes: IGS 7829, 91801; PI. 4,

Fig. 9) which may also have an anomalously low L/PH (21).

N/L of 'P. ' textilis (22) is similarly low and R< >emer (1 839),
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who may have examined the syntypes, has applied the name

to forms which are reminiscent of Ch. (Ch.) textoria. Bearing

in mind the remarks made on p. 1 10 Münster's species can

only tentatively be placed in synonymy. The same approach

must also be adopted for 7V Trigeri (23) which has been

applied by Staesche (1926) to specimens whose description

recalls that of the 'fine' phenotype of Ch. (Ch.) textoria.

In the uncertainty over the affinities of 7V textilis the ear-

liest available name for the species described in Section 3 is

'P. ' subulatus Monster. The type material appears to be lost

thus a neotype may need to be designated. Bearing in mind the

remarks made on p. 1 10 with respect to radially striate speci-

mens, inadequately characterised references to Münster's

species in d'Orbigny (1850), Brauns (1871), Moberg (1888),

Behmel and Geyer (1966), BERRiDGEand Ivimey-Cook (1967),

Wobber (1968) and Hallavi (1971) and to Quenstedt's

'P. ' stnonatis in Jaworski (1916), must be treated with some

scepticism. Melville's (1956) 'Ch. ' subulata securis is discus-

sed under Ch. (Ch.) textoria.

5. STRATIGRAPHIC RANGE

The earliest record of C. (C.) subulatus is a single specimen

from the pre-Planorbis beds of Gloucestershire (BM L77305).

Thereafter the species becomes common in the Planorbis zone

(Hettangian) of S. Germany (Staesche, 1926) and in suitable

Sediments (see Section 8) is thus found in all stages until the

U. Pliensbachian. There are no unequivocal records from the

L. Toarcian but seven specimens are known from the

U. Toarcian of Germany (Ernst, 1923; Staesche, 1926;

GPIG). d'Orbigny's (1850) records from the Toarcian of

Germany are of doubtful Status (see p. 71) but Rosenkrantz

(1934) records examples of C. (C.) subulatus from the Toar-

cian of Greenland.

Stai.si hi (IV2t>: 73) records a specimen from the Aalenian

whose H/UA (24) and ornamentation is indistinguishable

from that of C. (C.) subulatus. However, other weakly or-

namented Aalenian examples of C. (Camptonectes) such as

BML41942 have a higher H/UA (25) and are probably ab-

raded specimens of C. (C.) auritus. Thus Staesche's record

must be considered questionable in the absence of a figure or a

specimen in his collection (GPIT) conforming to the descrip-

tion.

6. GEOGRAPHICRANGE

Although oecurring over a large area of Europe (text

fig. 97) C. (C.) subulatus is much more common in the

northern parts of the region, implying a possible temperature

dependance. Staesche (1926) commented on the absence of

the species from the Planorbis zone of the Rhone basin,

thereby implying a northerly derivation. Except for records

from Greenland (see Section 5) there are no certain oecur-

rences of C. (C.) subulatus outside Europe (cf. Section 4).

Text fig. 97: Camptonectes (C.) subulatus - European distribution.

7. DESCRIPTION OF ECOLOGY

In the Hettangian C. (C.) subulatus oecurs in sandstones in

E. France (Terquem and Piette, 1865;faunap. 87). Calcaren-

ites are the site of probable oecurrences of the species in the

Planorbis zone of S. Wales (Wobber, 1968). In S. Germany
marly limestones of the same age contain common examples

of C. (C.) subulatus (Staesche, 1926) reaching a maximum
height of 32 mm(GPIT). The species is also common in ooli-

tic limestones of the Angulata zone and L. Sinemurian in the

same area. In the latter substage it attains a maximum height of

30.5 mm(GPIT) and is associated with Entolium (E.) lunare.

In the U. Sinemurian C. (C.) subulatus oecurs in the Ob-

tusum zone chamosite oolites of the Frodingham Ironstone

(fauna p. 69) but it is greatly outnumbered by E. (E.) lunare.

In the Raricostatum zone of Yorkshire C. (C.) subulatus oe-

curs commonly in silty shales in association with Pseudopec-

ten (Ps.) equwalvis, Pseudolimea, Antiquilima, Pinna,

Gryphaea, Pleuromya, Procerithium, Tetrarhynchia and be-
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lemnites (Sellwood, 1972). E. (E.) binare is quite rare.

Numbers of C. (C.) subulatus are particularly high in the vi-

cinity of large Pinna. A similar association characterises the

Jamesoni zone (L. Pliensbachian) of Yorkshire and the

U. Sinemurian/L. Pliensbachian sequence in S. Germany

where C. (C.) subulatus reaches a maximum height of

37.5 mm(GPIT). In Sediments of the same age but with a

somewhat restricted benthos (mainly consisting of proto-

branchs, Inoceramus and Oxytoma [Sellwood, 1972]) in

Dorset, C. (C.) subulatus is rare.

C. (C.) subulatus occurs commonly in shales of the Mar-

garitatus zone (U. Pliensbachian) in Yorkshire where E. (E.)

lunare is rare. However the latter species is commonand C.

(C.) subulatus is rare in U. Pliensbachian sandstones and

ironstones. The maximum height attained by C. (C.) sub-

ulatus in the substage is 42 mm(GPIT).

Sparse records from the U. Toarcian of Germany (see Sec-

tion 5) are from grey marlstones containing a somewhat re-

stricted benthic fauna in which C. (C.) subulatus attains a

maximum height of 52.5 mm(Staesche, 1926).

The species is unknown in the low salinity marginal marine

deposits of the Hettangian in N. W. Germany (Huckriede,

1967) and W. Portugal (Böhm, 1901) and does not appear un-

til the Raricostatum zone (U. Sinemurian) in the transgressive

sequence of the Lossiemouth borehole (Bf.rridge and

Ivimey-Cook, 1967). However, Lundgren (1881) records the

species from paralic cyclic Sediments in the Hettangian of

Scania although it is not clear whether the species occurs in

anything but the most fully marine beds. C. (C.) subulatus is

not recorded commonly in the area until the L. Sinemurian

when conditions were continuously marine (Troedsson,

1951).

C. (C.) subulatus is not known to occur commonly other

than in the examples discussed above. However, isolated

specimens are widely recorded (text flg. 97).

8. INTERPRETATION OF ECOLOGY

Apart from an apparent abhorrence of the soupy Substrates

and low oxygen tension associated with bituminous shale de-

position (indicated by the absence of the species from the

L. Toarcian of Europe) C. (C.) subulatus seems to have been

a eurytopic species with respect to Substrate. However,

abundance data indicates a definite preference for argillaceous

Substrates at least after the L. Sinemurian. Since this is essen-

tially the reverse of the pattern exhibited by Entoltum (E.) lu-

nare it is possible that such niche differentiation was caused

by competition, perhaps for juvenile attachment sites, be-

tween earlier, more eurotypic representatives of the species.

There is little evidence to suggest that C. (C.) subulatus

could tolerate the high stress environments associated with

low or fluctuating salinity. The scarcity of the species in Sedi-

ments where the faunal diversity is only somewhat reduced

suggests that C. (C.) subulatus could only thrive in the most

stable environments. However, in these cases the absence of

Pinna, which by its frequent association with C. (C.) sub-

ulatus may have served as a byssal attachment site (see Sec-

tion 9), could be the cause of the scarcity of the species rather

than any intolerance of slightly increased stress.

A Recent morphological analogue of C. (C.) subulatus,

'Pecten' alcocki Smith, lives byssally attached to siliceous

sponges in the bathyal zone (Knudsen, 1972).

9. FUNCTIONALMORPHOLOGY

The thin shell, low convexity and minimal ornamentation

of all examples of C. (C.) subulatus and the marked byssal

notch and small adult size of most, are paradigmatic for a bys-

sally suspended mode of life (tightly fixed).

It is not clear at what size, if any, the Recent analogue

'P. ' alcocki loses the ability to attach by a byssus. However,

late populations of C. (C.) subulatus, reaching a maximum

height of over 50 mm, must be near the upper limit for this

mode of life and may have been forced to rechne in the later

stages of ontogeny.

Ontogenetic increase in umbonal angle probably facilitated

escape from predators by swimming at even the largest sizes.

In spite of the juxtaposition of radial and divaricate elements

in the shell, strength and stiffness must have been very low,

thus it is extremely doubtful whether C. (C.) subulatus could

have resisted attempted predation by means of a 'siege' policy.

10. ORIGINS AND EVOLUTION

Staesi hi (1926) considered that forms referable to C. (C.)

subulatus were derived from Chlamys trigeri (a possible

synonym, see Section 4) in the Planorbis zone. He beheved

the latter species to be synonymous with 'Pecten' simplex

Winkler (1861), a species from the Kössen Beds (U. Trias) of

Bavaria. However, 'P. ' simplex has strong radial Ornament

and is unhkely to have close affinities with C. (C.J subulatus.

A more hkely ancestor for the latter is 'Pleuronectites'

laevigatus Schlotheim, a smooth species, common in the

M. Trias.

There appear to be no morphological trends in C. (C.) sub-

ulatus apart from a general increase in maximum height from

32 mm(Hettangian) to 30.5 mm(L. Sinemurian) to 37.5 mm
(L. Pliensbachian) to 42 mm(U. Pliensbachian) to 52.5 mm
(U. Toarcian). This, together with a narrowing of the ränge

of favourable Substrates, probably indicates the prevalence of

'K' selection (Gould, 1977).

The post U. Toarcian extinction of C. (C.) subulatus may

have been caused by the widespread development of shallow

water facies over N. Europe, producing unfavourable condi-

tions for late representatives of the species.

Camptonectes (Camptonectes) auritus (Schlotheim 1813)

PI. 3, Figs. 25-40; text figs. 98-107

Synonymy

1676 Pectimtes; PLOT, p. 104, pl. 4, fig. 11.

1678 Pectimtes; Lister, pl. 9, fig. 51

.

1813 Cbamites auritus sp. nov; SCHLOTHEIM, p. 103.

v* 1818 Pecten lens sp. nov; J. Sowerby, p. 3, pl. 205,

figs. 2, 3.

v* 1818 Pecten arcuata sp. nov; J. Sowerby, p. 4, pl. 205,

figs. 5, 7.

1822 Pecten Maltonemis sp. nov; YOUNGand BlRD,

p. 235, pl. 9, fig. 1.
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Text fig. 98: Camptonectes (C.) auritus - height/length.

v* 1833 Pecten comatus sp. nov; Münster in Goldfuss,

p. 50, pl. 91, figs. 5a, 5b.

1939 Pecten Buchi sp. nov; ROEMER, p. 27, pl. 13,

figs. 8a, 8b.

1939 Pecten lens J. SOWERBY;R.OEMER, p. 27.

1839 Pecten Dechem sp. nov; RoEMER, p. 28, pl. IS,

fig. 25.

1839 Pecten arcuatus ). SOWERBY;Bean, p. 60.

1839 Pecten lern J. SOWERBY;BEAN, p. 60.

? 1843 Pecten lens J. SOWERBY;QuENSTELrr, p. 337.

1850 Pecten Lusitamcus sp. nov; Sharpe, p. 189,

pl. 24, fig. 3.

1850 Pecten Saturnus sp. nov; D'ORBIGNY, v. 1, p. 284

(BOULE, 1910, v. 5,p. 69).

v 1850 Pecten Midas sp. nov; D'ORBIGNY, v. 2, p. 54

(BOULE, 1932, v. 21, p. 12, pl. 2, figs. 3-6).

non 1853 Pecten lens J. SOWERBY; Morris and I.YCETT,

p. ll.pl. 2, fig. 1.

non 1853

1853

v 1858

1860

? 1862

1862

non 1863

1864

1864

1866

Pecten arcuatus J. SOWERBY;MORRISand L.YCETT,

p. 11, pl. 1, fig. 18.

Pecten Saturnus D'ORBIGNY; Chapuis and De-

WALQUE,p. 215, pl. 29, fig. 4.

Pecten lern J. SOWERBY; QUENSTEDT, p. 322,

pl 44, fig. 12, p. 354, pl. 46, fig. 20, pl. 48, fig. 8,

p. 432, pl. 59, fig. 4 (non pl. 59, fig. 3).

Pecten lens J. SOWERBY;Coquand, p. 70.

Pecten Delessei sp. nov; ETALLON in ThuRMANN
and ETALLON, p. 266, pl. 37, fig. 6.

Pecten Parandieri sp. nov; ETALLON in ThUR-

MANNand ETALLON, p. 266, pl. 37, fig. 6.

Pecten Midas D'ORBIGNY, DOLLFUS, p. 79,

pl. 14, figs. 1-3.

Pecten lens J. Sowerby; v. Seebach, p. 99.

Pecten comatus Münster; v. Seebach, p. 99.

Pecten tnonnt sp. nov; DE LORIOL in DE LORIOL

and PELLAT, p. 107, pl. 10, fig. 6.
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I. ORIGINAL DIAGNOSIS ANDDESCR1PTION

None given; reference to Lister (1678, pl. 9, fig. 15).

2. DIAGNOSIS

Distinguished from C. (C.) laminatus bv the generali)'

finer Ornament, from C. (C.) subulatus by the presence of

Ornament on all parts of the disc and from C. (C) virdunensis

bv the more orbieular disc.

3. DESCRIPTION

Disc sub-ovate, higher than long early in ontogeny, grow-

ing allometrically to become sub-orbicular and finally sub-

ovate, longer than high (text fig. 9S), near the maximum

height of 150 mm(OUMJ2361). Umbonal angle very vari-

able (text fig. 99), increasing at a decreasing rate during on-

togeny. Dorsal margins concave, disc flanks low.

Inequilateral, anterior greater than posterior half length;

inequh ah e, low convexity, lett valve more convex than right.

[ntersinal distance variable, greater in left valve than right,

apparently increasing with respect to length at a slower rate in

U. Jurassic cf. M. Jurassic representatives (text figs. 100,

101). Byssal notch depth variable, moderate to large (text

fig. 102), increasing isometrically.

Auricles well demarcated from disc, variable in size, an-

terior larger than posterior. Anterior auricle of right valve

meeting hinge line and disc at about 90°. Other auricles meet-

ing hinge line at an obtuse angle and disc at an acute angle. All

auricles ornamented with fine comarginal Striae. Posterior au-

ricle of right valve also bearing divaricate Striae.

Height of anterior auricle and length of anterior hinge vari-

able, increasing with respect to length at a decreasing rate in all

populations (text figs. 103, 104). Length of posterior hinge

variable, increasing with respect to length at a slower rate in

U. cf. M. Jurassic representatives (text fig. 105).

Disc exterior ornamented with a variable number of fine di-

varicate Striae (e. g. PI. 3, Figs. 32, 33) increasing in number

by intercalation and rendered 'punctate' by the intersectionof

growth hnes.

Shell thickness low to moderate.



117

60

50

40

II

30-

20

10

A 4

•/
*

A

1

^

t 1 1 r
20

-

1

r
40

~\ 1

60

L

-

1

1
1 r

80 100 120

Text fig. 100: Camptonectes (C.) auritus - intersinal distance on left valve/length.

4. DISCUSSION

The systematics of the essentially finely-ornamented and

orbicular species of C. (Camptonectes) described above has

been the subject of much, often heated, debate. Failure to ap-

preciate the ränge of static, ontogenetic and ecophenotypic

Variation in both ornamentation and metnc proportions, al-

lied to the typological approach of early authors has led to the

designation of a plethora of specific names. The indiscrimi-

nate lumping of many of these names by early revisionists

who failed to examine type material has led to a secondary

source of confusion (see Arkell, 1930a for a review). How-
ever, later revisionists have also been lamentably at fault in

their failure to unite stratigraphically separated but mor-

phologically indistinguishable forms. The result is almost un-

paralleled nomenclatural chaos.

Minor differences in metric proportions of early and later

populations (see Section 3) of individuals whose Ornament is

within the ränge defined by PI. 3, Figs. 32, 33, can be ex-

plained as the result of phyletic neoteny (see section 10), since

there is no evidence for the existence of separate lineages.

Similarly the availability of an explanation in terms of stunting

(see Sections 8,10) does not favour the recognition of certain

localised populations, typified by a low H/UA ratio, as sepa-

rate species. 'Ecophenotypic' rather than 'genetic' Variation

can also be held to account for the existence of specimens with

relatively streng comarginal ornament (PI. 3, Fig. 31) and

specimens with the median sector of the shell unornamented

(PI. 3, Fig. 38). The former is probably the result ofsome en-

vironmental disturbance (as might be caused by tides, storms

or attempted predation) interrupting the normal pattern of

growth (Clark, 1974) while the latter is almost certainly the

result of abrasion since it is confined to those parts of the shell

which have been exposed to the environment for the longest

period. Moreover in paired valves it is invariably the right

valve (which was almost certainly in contact with the Sub-

strate and therefore subject to the most abrasion) which ex-

hibits reduced ornamentation.

The framework of Variation erected above is the basis for

the following taxonomic discussion.
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Text flg. 101: Camptonectes (C.) auritus - intersinal distance on right valve/length.

Type specimens which are inseparable from the species de-

scribed in Section 3 by metric criteria are: -

1. Thesyntypesof 'Pecten'lem J.Si>\urki (BM L80525,

43326; PI. 3 Fig. 25).

2. A syntype of 'P.' arcuata J. Sowerby (BM L8052S;

PI. 3, Fig. 30).

3. The sole observed type of 'P.' comatus Münster

(BSPHG AS VII 634; PI. 3, Fig. 27).

4. The sole observed syntype of TV aratus Waagen
(BSPHG AS XXII 32; PL 3, Fig. 34).

5. The sole observed type of 'P. ' Letterom de Loriol

(MNS B03988; PI. 3, Fig. 28).

6. The sole observed syntype of Camptonectes aalensis

Paris and Rk hardson (BM L41942; PI. 3, Fig. 40).

7. The holotype (M) of C. Psilonoti Staesche (GPIT).

8. A syntype of C. gigantens Arm 1 1 (OUMJ2359).

Figures of type and original specimens indistinguishable by

metric criteria from the species described in Section 3 are

those of: -

9. Pectinites Plot.

10. 'P.' Decheni Roemer.

11. 7V Lusitanicus Sharpe.

12. TV Midas d'Orbigny (Boule, 1932).

13. 'TV Parandieri Etallon.

14. TV morini de Loriol.

15. TV Etalloni de Loriol.

16. TV gracilis Alth.

17. 'P. ' Nais dp Lork h .

18. C. sandsfootensis Arkell (paratypes: OUMJ2360,

J236I).

19. C. Mairei Dechasiaux.

20. C. suprajurensis (Buvignier); Späth (see p. 131 for a

discussion of Buvignier's species).

Of the above species, numbers4, 6, 7, 8, 9, 13, 16 and 18re-

fer to specimens which are unornamented in the median sec-

tor of the shell while 19 refers to a speeimen with strong co-

marginal Ornament, both of which characteristics are consid-

ered to be features of 'ecophenotypic' Variation (see above).
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The remaining measured species exhibit the typical Ornament

of the species described in Section 3. Arkell (1926) considered

that large size (H: —125) was sufficient ground for erect-

ing C. giganteus (8) bin the presence of intermediate sized

specimens (text fig. 98) belies this reasoning. The abnormally

high H/UA ratio considered by Arkfll (1930a) to be distinc-

tive of C. sandsfootensis is merely the result of incorrect meas-

urement. The original figure yields a value (H: 123, UA:
~ 145) well within the ränge oftext fig. 99projected to larger

sizes.

The original figure of 'P. ' Delessei Etallon (21) is insepar-

able from the species described in Section 3 by L/AH, L/PH,

L/I L and L/HAA but the anomalously high H/L and H/UA
suggest that it may be equivalent to C. (C.) suprajurensis.

'P. ' subvitreus Gemmfllaro and Di Blasi (22) has an anomal-

ously low H/UA but this could well be due to imprecise meas-

urement by the authors of the species. H/L and L/AH of the

original figure is inseparable from the species described in Sec-

tion 3. The figure of 'P.' Bucht Roemer apprently depicts a

left valve which has been reversed through the process of

printing from a copper engravtng. Further inaccuracies in re-

production may account for the seemingly high H/UA and

L/AH (23) of a specimen whose Ornament and other metric

proportions are indistinguishable from the species described

in Section 3.

Species for which types and f igures are either unavailable or

( >t msufficient quality for measurement are considered below.

C. cf. bellistriatus (Merk); McLearn and C. sp; Mclearn

from N. America have ornament which is within the ränge

defined by PI. 3, Figs. 32, 33. However, a specimen referred

to the former species (BM L58934) from the Oxfordian of

Wyoming has an exceptionally low H/UA (24) thus it may be

that finely ornamented N. American C. (Camptonectes) are

specifically distinct. C. grandis (Hector); Marwick from

N. Zealand is indistinguishable on the basis of ornament but

is reported to have only a small byssal notch. Although the

size of the latter is variable in the species described in Sec-

tion 3 it seems unwise at present to synonymise the species.

'P.' triformis Whidborne (holotype BM L73166; PI. 3,

Fig. 35), 'P.' nitescens Phillips and C. stygius (White); Im

i \-i are characterised by a lack of ornament in the median shell

sector, which may be considered an aspect of 'ecophenotypic'

Variation (see above). C. stygius is however derived from

N. America and therefore cannot be certainly synonymised

with the species described in Section 3 (see above).

Boule (1910) considered the single type of 'P.' Saturnus

d'Orbigny in the MNOto be specifically indeterminate and

created a neotype from the specimen figured in Chapuis and

Di walque (1853). The general form and ornamentationof the

latter is indistingusihable from the species described in Sec-

tion 3 as are the original figures of 'P. ' Maltonensis Young

and Bird, 'P. ' Neumayri de Gregorio, 'P. ' anughus de Gre-

gorio and C. greenhoughi Skwarko, the syntypes of
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'P. ' Clypeatus Witchell (BM L 1 7536; PI. 3, Fig. 37),and the

Originals of C. sp. Kirkaldy (OUMJ17551-3).

'P. ' validus Lindstrom from the Kimmeridgian is appar-

ently a worn example of the species described in Section 3.

The general shape and large size (H: 125) allow only that it

might be a representative of C. (Camptochlamys) obscurus.

Sokolov and Bodylevsky (1931) have applied Lindstrom's

specific name to forms which undoubtedly belong to the

former species. Chlamys interpunctata Troedsson is reported

to possess 'Camptonectes-omament' but since it is denved

from the L. Lias it may be a well preserved representative of

C. (C) subulatus. Behmel and Geyer's (1966) unillustrated

record of 'P. ' lens from the Lias seems to refer to a genuine

example of the species described in Section 3. Unillustrated

Bathonian records of J. Sowerby's species (1) (Quenstedt,

1843; Terquem and Jourdy, 1869; Schlippe, 1888; Semenow,

1896; Grippin, 1898; Cossmann, 1900; Kilian and

GuEbhard, 1905; Deninger, 1907; Lissajous, 1923; Roman,

1 926) must be treated with great caution because of the possi-

bility of confusion for the much more common Bathonian

species C. (C.) laminatus. Prior to Arkell's (1930a) descrip-

tion and illustration of J. and J. de C. Sowerby's types

'P. ' lens was interpreted very broadly. Thus Staesche (1926)

not only included forms referable to C. (C.) laminatus within

his hypodigm for C. lens (not the figured specimen) but also

regarded forms which the present author places in C. (Camp-

tocblamys) obscurus as being separable from C. lens only at

the varietal level (see p. 137 for a discussion of this and other

'varieties' of 'P.' lens). Morris and Lycett (1853) also misin-

terpreted J. Sowerby's hypodigms in assigning coarsely or-

namented Bathonian specimens (= C. (C.) laminatus) to

'P.' lens and 7V arcuatus (2) while Quenstedt (1858, pl. 59,

fig. 3) included a specimen with radial Striae (= C. (Cc.) obs-

curus) within his hypodigm for 'P. ' lens.

Even following Arkell's revision, J. Sowerby's hypodigms

have been misinterpreted. Thus Leanza (1942) refers to

'P. ' (C.) lens a specimen from the Lias of Argentina which

has radial radier than divaricate Striae and an abnormally high

H/UA (25). A Bathonian specimen (pl. 4, figs. 9, 9a) referred

to C. lens by Dechasfaux (1936) has the coarse Ornament of

C. (C.) laminatus although another (pl. 4, fig. 1
1

) appears to

be a genuine example of C. lens. Specimens from the Bath-

onian referred to 'P. ' (Camptonectes) lens by Stoll(1934)

very probably belong in C. (C.) laminatus.

Other secondary references to synonymous species which

are based on specimens which may be outside the ränge of the

species described in Section 3 include 'Z
5 .

' lens J. Sowerby;

Lahusen and 'P.' (C.) cf. lens J. Sowerby; Sokolov and

Bodylevsky (both based on specimens with strong comarginal

Ornament which may belong in C. (Cc.) obscurus), 'P.' (C.)

arcuatus J. Sowerby; Kilian and Guebhard (based on unfig-

ured Bathonian specimens probably referable to C. (C.)

laminatus) and C. aalensis Paris and Richardson; Wandel

(based on a specimen (26) with abnormally high H/UA). The

specimens referred to d'Orbigny's species P. Midas (12) by

Dollfus ( 1 863), Dämon(1880) and Arkell ( 1 93 1 a) are clearly

representatives of late populations of Radulopecten fibrosus.

With the evident possibility of confusion inadequately

characterised references to d'Orbigny's species in de Loriol

et al. (1872) and de Loriol and Pfllat (1875) cannot confi-

dently be synonymised with the species described in Sec-

tion 3. The specimen figured as 'P.' Buchi Roemer by de

Loriol
(

1 894) has an abnormally high H/UA (27) and is refer-

able to C. (C.) virdunensis.

Schlotheim's (1813) 'Chamites' auritus, which was

founded on the figure of Pectinites in Lister (1678), itself a

copy of the figure (discussed above) in Plot (1676), provides

the earliest available specific name for the species described in

Section 3. Duft (1978: 66) has designated an appropriate

neotype. In the interests of brevity secondary references to

synonymous species are excluded from the synonymy except

where they differ from the original hypodigm or are of relev-

ance to Sections 5-10. Further citations may be traced either

directly or through synonymy lists in v. Zieten (1833),
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Text fig. 106: Camptonectes (C.) auritus - European distribution.

Text fig. 107: Camptonectes (C.) auritus -World distribution (Callovian reconstruction).

Roemer (1836), v. Bik'h (1839), Bronn (1852), Quenstedt

(1852), Oppel (1858), Conteji w (ISS')), Waagen (1867), de

Lorioi and Pfllat (1875), Whidborne (1883), Fifbflkorn

(1893), Parona (1895), Cossmann (1914), Paris and Ri. hard

SON(1916), Lewinski (1923), Staes« m (1926), Arkell (1930a),

Di. HASl lux (1936) and Dl Fl (1978).

5. STRATIGRAPHIC RANGE

The earliest record of C. (C.) auritus is a Single specimen

from the Planorbis zone (Hettangian) of S. Germany

(Staeschf, 1926). Specimens from the L. Lias of Sweden

(Tri 'i dsson, 1951) and the M. and U. Lias of Spain (Behmel

and Geyer, 1966) may be conspecific and specimens from un-

differentiated Lias in the Alps (Tausch, 1890) are almost cer-

tainlv conspecific (see Section 4). A number of examples,

reaching a maximum height of 33 mm, are preserved on a

block from the Posidonienschiefer (L. Toarcian) of S. Ger-

many (BSPHG) but only one specimen from Northants (BM

L89415; PI. 3, Fig. 36) is recorded in the U. Toarcian.

The species becomes locally very common in the Aalenian

and Bajoeian but is exceedingly rare in the Bathonian. The fol-

lowing Bathonian specimens in the BMare probably referable

to C. (C.) auritus: L24155, L24I56, L74364, L76505 and

L97129. Probable Bathonian records from France (De-

chaseaux, 1936) and Greenland (Donovan, 1953) together

with a number of dubious records are discussed in Section 4.

In suitable facies C. (C.) auritus is found in all stages to the

Tithonian and Kelly (1977) records the species from the

Ryazanian stage in the Cretaceous of E. England.

6. GEOGRAPHICRANGE

C. (C.) auritus is much more common in the northern parts

of the European region (text fig. 1 06) but this is probably a re-
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flection of the northerly distribution of the appropriate facies

(see Section 8) rather than an indication of a temperature de-

pendance. Outside Europe (text fig. 107) the species has a

palaeolatitudinal ränge of about 150° (maximum of 100°

[Kimmeridgian] in any one stage). After the L. Jurassic C.

(C.) auritus appears to have attained an almost worldwide

distribution although there are doubts about records from

N. America and the E. Indies (see Section 4) and no known

occurrences in S. America. The fact that C. (C.) auritus is

onlv known from one locality (E. Greenland; Donovan,

1 953) in the Bathonian outside Europe makes it implausible to

attribute the extreme rarity of the species at that time within

Europe (see Section 5) to a migration elsewhere.

7. DESCRIPTION OF ECOLOGY

C. (C.) auritus occurs in a Wide variety of facies in the

Aalenian of Europe. It is particularly common in the North-

ampton Sand Ironstone (Opalinum zone), a chamosite oolite

containing a diverse fauna (see p. 26). It is also common in

oolitic and pisolitic limestones of the Murchisonae zone in the

Cotswolds where it reaches a maximum height of 52 mm
(OUM J1913).

In the Bajocian of Yorkshire the species occurs abundantly

at certain impure limestone horizons in the Scarborough

Formation. The fauna is restricted (dominated by Gervillella

together with Cucullaea, Astarte, Cloughtoma and

Pseudomelama) and C. (C.) auritus is characteristically small

(maximum height 43 mm; YM531a) and has a low H/UA
ratio. In the Millepore Bed, a sideritic sandstone with a more

diverse fauna (the above together with Trigoma,

Pholadomya, bryozoa, crinoids and regulär echinoids), C.

(C.) auritus is less commonbut reaches a maximum height of

72.5 mm(YM 531a). Similarly large sizes are reached by the

species in the fully marine Bajocian deposits of S. Germany.

The species is extremely rare in the Bathonian (see Sec-

tion 5), when C. (C.) laminatus is common, and is also rare

in the argillaceous facies widely developed in the Callovian.

However, in more littoral shallow water facies such as the

limestones and sandstones of Yorkshire (U. Cornbrash, Kel-

laways Rock, Hackness Rock), Scotland (Brora Roof Bed),

Poland and the Baltic Region C. (C.) auritus is locally com-

mon and reaches a maximum height of 61 mm(MNO3399).

In the Oxfordian the species is found in a variety of shallow

water, level bottom environments but appears to show a pre-

ference for oolites (e. g. Malton Oolite, Yorkshire). Contrary

to Arkell's opinion ( 1 930a) the species is seldom abundant as

is demonstrated by the fact that it contributes to none of the

trophic nuclei of the benthic faunal associations studied by

Fürsich (1977). Oxfordian C. (C.) auritus is always found

with a high diversity fauna and the maximum height attained

is 150 mm(OUMJ2361).

The species is not common in the L. Kimmeridge Clay

(Kimmeridgian) but in the more marginal sandy facies de-

veloped in the upper part of the formation (M. Tithonian) in

England (Hartwell Clay) and N. W. France (Assises de Croi)

it is locally abundant. Maximum size (H: 34, BML35267) is,

however, small and the H/UA ratio is generally low. In-

operna is a particularly common faunal associate.

In the U. Tithonian C. (C.) auritus accurs in algal lime-

stones (Townson, 1971) in Portland and the Boulonnais where

it reaches a maximum height of 26 mm(BM L52436). The

species is rare in more open marine deposits where C. (Camp-

tocblamys) obscurus is common.

A few specimens are recorded from the Purbeck beds near

Oxford (Kirkaldy, 1963).

The above description concentrates on the common and

unusual occurrences ofC. (C.) auritus. Specimens may in fact

be found at almost all horizons in the M. & U. Jurassic of

Europe. Notable exceptions, additional to those discussed

above and in Section 5, are the Oxfordian-Tithonian coral

reef facies of central and southern Europe, where almost all

specimens of C. (Camptonectes) are referable to C. (C.) vir-

dunensis (see p. 131), and the deep water pelagic limestone

facies of the M. and U. Jurassic in the peri-Mediterranean re-

gion where there is only one doubtful record (Gemmellaro

and Di Blasi, 1874; see Section 4), and that from a probable

submarine high.

8. INTERPRETATION OF ECOLOGY

It is clear from Section 7 that C. (C) auritus was a remark-

ably eurytopic species. Although the soft or soupy Substrates

characteristic of clay or limemud deposition were not appar-

ently suitable, almost all other Substrates, including shifting

oolite shoals, were colonised. The species was also able to tol-

erate environments of high physical stress. Thus it is found in

Tithonian algal limestones which were probably deposited in

very shallow sub-tidal or inter-tidal situations (Sellwood,

1978) where exposure and wave disturbance must have been

frequent. Hallam (1976) has also suggested that Camp-

tonectes was able to tolerate salinities within the upper

brachyhaline regime (24-30%) and the occurrence of C. (C.)

auritus in the Purbeck formation, a sequence of marine, la-

goonal and freshwater beds (Anderson and Bazlfy, 1971),

Supports this general thesis (but see p. 113). While the records

of C. (C.) auritus are probably from the most fully marine

horizons, the lack of any other pectinids suggests that salinity

was liable to at least short-term fluctuations. Although am-

monites do occur in the Scarborough Formation the reduced

faunal diversity of the beds containing C. (C.) auritus is gen-

erallv suggestive of low environmental stability, with perhaps

a higher incidence of storms being of Controlling importance

rather than salinity variations. Jordan (1971) has reinter-

preted the Kimmeridgian/Tithonian sequence of L. Saxony

in terms of increasing rather than decreasing salinity so the

lack of C. (C.) auritus suggests that euryhalinity did not ex-

tend to a tolerance of hypersaline conditions. However,

somewhat rare occurrences of the species in bituminous shales

in the L. Toarcian (see Section 5) and M. Callovian (Duff,

1978) suggest that C. (C.) auritus had some ability to with-

stand reduced oxygen tension and there is good evidence of an

ability to tolerate vanous temperatures (see Section 6).

Although a eurytopic species, the size, shape and numbers

of C. (C.) auritus seem to have been considerably influenced

by the environment. Open marine situations characterised by

a high diversity fauna supported small populations of large

individuals with a high H/UA ratio. Marginal marine en-

vironments with a lower diversity fauna supported larger
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populations of relatively small individiduals with a low

H/UA ratio. At first sight the correlation of size and numbers

with distance from shoreline suggests that the species could

adopt a ränge of adaptive strategies within the 'K-r' spectrum

to allow colonisation of both biologically accommodated and

physically controlled biofacies. However, the pattern of

shape Variation is not in accordance with this Interpretation.

Since umbonal angle increases during ontogeny one may con-

clude that individuals with a low H/UA ratio (from marginal

marine situations) have grown more slowly, in complete con-

tradiction to the normal policy of V strategists. This mightbe

explained by a strong correlation between shape and de-

velopmental stage, in which case precocious maturation and

short life span could be invoked for marginal marine popula-

tions. This hypothesis could be tested by an analysis of

growth lines. In the present absence of data for the latter and

with support for the hypothesis from the evolution of C. (C.)

auritus (see Section 10), the author prefers to adopt the view

that marginal marine populations are stunted as a result of

high environmental stress. It is suggested that the anomal-

ously large number of individuals may be the consequence of

a reduced incidence of predation, as has been demonstrated in

Recent shallowwater communities by Jackson (1974).

A close Recent morphological analogue of C. (C.) auritus

is Cyclopecten vitrea (Gmelin), a bathyal species (Kni dsi .,

1970). The frequent association of C. (C.) auritus with en-

dobyssate mytiloid and pterioid bivalves suggests that

Cblamys varia (Linnaeus), which is found attached to the

Horse Mussei Modiolus modiolus (A. Brand, pers. cotrim.,

1976), may be a closer Recent ecological analogue than Cy.

vitrea.

The paucity of C. (C.) auritus in open marine environ-

ments in the Tithonian may be explained by competition with

C. (Camptocklamys) obscurus, which is common in such en-

vironments. The species are not known to coexist in numbers

at earlier horizons. The rarity of C. (C.) auritus in reef facies

in the U. Jurassic and in all facies in the Bathonian may also be

explained by competition (with respectively C. (C.) vir-

dunensis and C. (C.) laminatus). However, the cause of the

rarity of C. (C.) auritus in the L. Jurassic is more easily attri-

buted to the widespread development of unfavourable argil-

laceous facies than to competition with the common species

C. (C.) subulatus.

9. FUNCTIONALMORPHOLOGY

The existence of a moderate to large byssal notch indicates

that C. (C.) auritus was byssally attached, at least early in on-

togeny. Adult individuals, especially of later populations,

probably gained stability mainly by virtue of their relatively

heavy shells.

The thin shell, low convexity, subdued ornamentation and

ontogenetic increase in umbonal angle of C. (C.) auritus indi-

cate that swimming was a possibility. Phyletic reduction in

the rate of H/UA increase, facilitating escape from predators

by swimming at larger body sizes, is probably causally related

to a parallel increase in maximum height.

Seilacher (1972) has suggested that the apparent difficulty

of programming the growth of divaricate ornament must im-

ply great functional significance where it is present. In this re-

spect one might argue that 'Camptonectes- ornament' pro-

vides reinforcement for a thin and therefore weak shell. How-
ever, Seilachf.r also argues that variability should be low in

functional structures thus the great Variation in the ornament

of C. (C.) auritus presents a paradox. This could be resolved

by invoking individual adaptation and an analysis of the de-

velopment of ornament along the lines adopted for

Radulopecten vagans (see Johnson, 1981) might be used to

explore this possibility.

10. ORIGINS ANDEVOLUTION

Since C. (C.) auritus is found in the Planorbis zone its ori-

gins may lie outside the Jurassic. True 'Camptonectes-oma-

ment' is however unknown in the Triassic, the striking orna-

ment exhibited by Filopecten filosus (v. Hauer) being the

nearest approach to it (see Allasinaz, 1972, pl. 40, figs. 1-7,

pl. 41, figs. 1-3).

Insufficient data is available to assess the extent of phyletic

evolution within L. Jurassic C. (C.) auritus. However, in M.

& U. Jurassic representatives evolution is apparent in several

characters although the variability of the species does not

make for accurate documentation.

Oxfordian populations exhibit a slower rate of increase in

PH, l! and I R with respectto length than their Bajocianances-

tors. In the latter at least PH/L and I L /L increase during on-

togenv thus Oxfordian populations may have evolved by the

retardation of shape development relative to size. In the ab-

sence of absolute age data it is impossible to say whether later

representatives have actually developed more slowly or sim-

ply grown faster. In each of the preceding cases the paucity of

data from intermediate stages precludes an evaluation of the

tempo of evolution. However, data for maximum height is

available from a number of levels and seems to indicate an os-

cillatory pattern in an overall increase from Aalenian to Ox-

fordian (Aalenian, 52 mm; Bajocian, 72.5 mm; Callovian,

61 mm; Oxfordian, 150 mm). In fact the low Callovian value

may well be an artefact of the limited number of museum

specimens available for measurement from the stage thus

maximum height could exhibit a smooth increase. The

marked reversal to the trend in the Tithonian (H max : 34) could

also be due to limited data but is more probably the result of

stunting (through restriction of the species to high stress en-

vironments, see Section 8).

Phyletic increase in size and retardation of somatic de-

velopment are indicative of 'K' selection (Gould, 1977). This

provides further evidence for the view that individuals of

small size with low H/UA from marginal marine situations

are the products of stunting rather than facultative progenesis

(see Section 8). Progenesis appears to be correlated with V
selection yet even late, 'K' selected, populations of C. (C.)

auritus may exhibit small size and a low H/UA.

Camptonectes (Camptonectes) laminatus (J. Sowerby 1818)

PI. 4, Figs. 10, 12-16, ?Fig. 11; text figs. 108-117

Synonymy

v* 1818 Pecten laminata sp. nov; J. SOWERBY, p. 4,

pl. 205, fig. 4.

v* 1818 Pecten similis sp. nov; J. Sowerby, p. 5, pl. 205,

fig. 6.
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1818 Pecten ngida sp. nov; J. SOWERBY,p. 5, pl. 205,

fig. 8.

1850 Pecten Langrunensis sp. nov; D'ORBIGNY, v. 1,

p. 314(BoULE, 1912, p. 93).

1853 Pecten Woodwardü sp. nov; MORRISand LVCETT,

p. 8, pl. 1, fig. 20.

1853 Pecten arcuatus J. SOWERBY;MORRISand LYCETT,

p. 11, pl. 1, fig. 18 (nonj. SoWERBYsp.).

1853 Pctenlens]. SOWERBY;MORRISand LYCETT, p. 11,

pl. 2, figs. 1, la (non J. SOWERBYsp.).

1863 Pecten rigidus J. SOWERBY;L.YCETT, p. 31, pl. 40,

fig. 16.

v ::
" 1869 Pecten anguliferus sp. nov;TERQUEMand JOURDY,

p. 128, pl. 13, fig. 16.

1871 Pecten divaricatus sp. nov; PHILLIPS, p. 240,

pl. 11, fig. 29.

1883 Pecten puellans sp. nov; WHIDBORNE, p. 501,

pl. 19, figs. 3,3a.

1905 Pecten (Camptonectes) rigidus J. SOWERBY;KlL-

IAN and Guebhard, p. 758.

1905 Pecten (Camptonectes) rigidus J. SOWERBY;KlL-

ian and Guebhard, p. 758.

pv 1926 Camptonectes lens (J. SOWERBY);STAESCHE, p. 76,

pl. 2, fig. 8 (non J. SOWERBYsp.).

1932 Camptonectes rigidus (J. SOWERBY); Späth,

p. 113, pl. 5, fig. 4, pl. 10, fig. 5.

? 1933 Pecten (Chlamys) curvivarians sp. nov; DIETRICH,

p. 63, pl. 81, figs. 122, 123.

v 1936 Camptonectes lens (J. SOWERBY); DECHASEAUX,

p. 30, pl. 4, figs. 9, 9a (non figs. 11, 14, non

J. SOWERBYsp.).

p 1948 Camptonectes laminatus (J. SOWERBY); Cox and

ARKELL, p. 13.

1948 Camptonectes rigidus (J. SOWERBY); Cox and

ARKELL, p. 13.

? 1950 Camptonectes laminatus (J. SOWERBY); CHAN-
NON, p. 248.

non 1952 Chlamys curvivarians (DIETRICH); Cox, p. 8,

pl. 2, figs. 5, 8.

1953 Camptonectes cf. laminata (J. SOWERBY); Mar-

WICK, p. 100, pl. 10, fig. 11.

1959 Camptonectes inexpectatus sp. nov; HAYAMI,

p. 70, pl. 7, figs. 4, 5.

? 1961 Camptonectes rigidus (J. SOWERBY); ROSSI RON-
chetti and Fantini Sestini, p. 122, pl. 13,

figs. 1,2.

1961 Camptonectes sp; Rossi Ronchetti and Fantini

Sestini, p. 123, pl. 13, fig. 4.

1964 Camptonectes laminatus
(J. SOWERBY); J.-C.

Fischer, p. 18.

1964 Camptonectes rigidus (J. SOWERBY);J.-C. FISCHER,

p. 19.

1964 Camptonectes plattessiformis (WHITE); Imlay,

p. 26, pl. 2, figs. 11-14.'

1967 Camptonectes platessiformts (WHITE); IMLAY,

p. 79, pl. 2, figs. 1,2.

p 1978 Camptonectes laminatus (J. SOWERBY); Brad
SHAW, p. 313.

Holotype (M) of Pecten laminata J. Sowerby

1818, p. 4, pl. 205, fig 4; BM43327; PI. 4,

Fig. 14 herein; Forest Marble (see Arkell,

1930a: 96) orL. Cornbrash (both Bathonian),

Chatley Lodge, Somerset.

1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'Spec Char. Suborbicular, depressed, striated; Striae

arched, diverging: ears triangulär, unequal; the largest

plaited.
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Text fig. 108: Camptonectes (C.) laminatus - height/length.

The Striae are slightly undulated; to the naked eye they ap-

pears smooth, but when carefully examined with a lens, min-

ute lines may be traced across them. The plaits upon the ear

form a strong character, whence the name.

In shelly limestone (Cornbrash) at Chatley Lodge, in

Somersetshire.'

2. AMENDEDDIAGNOSIS

Distinguished from all other species of C. (Camptonectes)

by the coarseness of the divaricate ornament on the disc and

the strength of the comarginal lamellae on the anterior auricle

of the left valve.

3. AMENDEDDESCRIPTION

Essentially similar to C. (C.) auritus except for the diag-

nostic features (see Section 2), smaller maximum height

(59.5 mm, Imlay, 1964), apparent allometric decrease in N/L
(text fig. 112) and somewhat thicker shell. The remaining

metric proportions areplotted in text figs. 108-111, 113-115,

while the ränge of ornamental Variation is depicted in PI. 4,

Figs. 10, 12-16.

4. DISCUSSION

The holotypes (M) of:

1. 'Pecten' laminata J. Sowerby (BM 43327; PI. 4, Fig. 14)

and

2. 'P. ' similis J. Sowerby (BM 43329; PI. 4, Fig. 12) and

the sole observed type of:

3. 'P.' anguliferus Terquem and Jourdy (ENSM L334;

PI. 4, Fig. 16)

are indistinguishable from the species described in Section 3

on the basis of metric proportions and ornament. The original

figure of Camptonectes sp; Rossi Ronchetti and Fantini Ses-

tini (4) is similarly inseparable.
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Text fig. 109: Camptonectes (C.) lammatn

Since the number of divaricate Striae increases during the

ontogeny of thespeciesdescribed inSection 3, species erected

for small specimens with relatively few Striae ('P.' rigida J.

Sowerby, TV Langrunensis d'Orbigny, 'P.' Woodwardü
Morris and Lycett, 'P.' divaricatus Phillips, 'P.' puellaris

Whidborne) cannot be accorded a distinction.

Although not from the typical horizon of derivation

(Bathonian) there seems no reason to separate C. platessifor-

mis White; Imlay (from the Bajocian of the U. S. Western In-

terior) and C. inexpectatus Hayami (from the L. Lias of Ja-

pan) from the species described in Section 3. Both have the

coarse divaricate Striae and auricular lamellae characteristic of

the latter species and the comarginal Ornament of the disc

seems too weak to allow any possibility that C. platessiformis

and C. inexpectatits might be representative of C. (Camp-

tochlamys) obscurus.

The original figure of 'P. ' (Chlamys) curvivarians Dietrich

depicts a specimen which resembles the species described in

Section 3 in its divaricate ornament and all metric proportions

apart from H/UA (5). However, Cox (1952) refers specimens

with very much stronger ornament to Dietrich's species and

since the stratigraphic ränge of the latter (Bajocian-Tithonian)

extends to considerably younger horizons than that of the

Text fig. 110: Camptonectes (C.) laminatus -intersinal distance on

left valve/length.
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Text fig. 111: Camptonectes (C.) laminatus - intersinal distance on

righc valve/length.

species described in Section 3 it is probable that they are dis-

tinct.

Of the synonymous species discussed above the earliest

available name for the species described in Section 3 is

'P.' lammata J. Sowerby. Both Cox and Arkell (1948) and

Channon (1950) refer unfigured Aalenian and Bajocian

specimens from the Cotswolds to C. laminatus. Since

J. Sowerby's species is extremely rare in the latter stages in

England it is likely that they in fact belong to the much more

common species C. (C.) aurkus. Conversely Bathonian rec-

ords of junior Synonyms of C. (C.) aurkus (listed under the

latter species) in Quenstedt (1843), Terquem and Jourdy

(1869), Schlippe (1888), Semenow (1896), Greppin (1898),

Cossmann (1900), Kilian and GuEbhard (1905), Deninger

(1907), Lissajous (1923) and Roman (1926) may well refer to
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Text fig. 113: Camptonectes (C.) laminatus - height of anterior

auricle/length.

C. (C.) laminatus and some of the Bathonian specimens re-

ferred to junior Synonyms of C. (C.) auntus (see p. 121) in

Morris and Lycett (1853), Staesche (1926) and Dechaseaux

(1936) undoubtedly belong to C. (C.) laminatus.

The original figure of C. rigidus (J. Sowerby); Rossi Ron

chetti and Fantini Sestini depicts a specimen with radial

rather than divaricate Striae which is thus probably referable

to C. (Camptocblamys) clathratus rather than C. (C.)

laminatus. Bradshaw's (1978) inclusion of specimens with

strong comarginal Ornament within C. laminatus indicates

that his hypodigm probably extended to forms which the pre-

sent author places in C. (Camptocblamys) obscurus.

5. STRATIGRAPHIC RANGE

The earliest record of C. (C.) laminatus is from the L. Lias

of Japan (Hayami, 1959). Thenceforth, apart from dubious

records from the Aalenian of the Cotswolds (see Section 4),
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Text fig. 112: Camptonectes (C.) laminatus - depth of byssal

notch/length.

Text fig. 114: Camptonectes (C.) laminatus - posterior hinge

length/length.
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Text fig. 115: Camptonectes (C.) laminatus - anterior hinge

length/length.

the species is unknown until the Bajocian when it is recorded

from the U. S. Western Interior (Imlay, 1964, 1967). Only

two specimens from the Baiocian of England (BM L47437,

L41956) can be definitely referred to C. (C.) laminatus. The

species becomes common in the Bathonian but thereafter is

extremely rare. Records from NewZealand (Marwick, 1953)

and Afghanistan (Rossi Ronchetti and Fantini Sestini, 1961)

may include Callovian examples while two coarsely or-

namented specimens from the Oxfordian of England (BM
L20487; LL8339, PI. 4, Fig. 1 1) may be referable to C. (C.)

laminatus.

6. GEOGRAPHICRANGE

In Europe (text fig. 116) C. (C.) laminatus is largely re-

stricted to France and England. Elsewhere (text fig. 1 17) the

species is only known in numbers in the U. S. Western In-

terior. Since occurrences there (Bajocian) predate common
occurrences in Europe (Bathonian) and postdate records of

the species in Japan (L. Lias), it may be that C. (C.)

laminatus undertook an eastward migration, perhaps making

use of the marine connection between western America and

Europe which was established in Bajocian times (Hallam,

1975a). Viewed in these terms records of the species from the

Bathonian-Callovian of NewZealand can be taken to repre-

sent a relict population.

7. DESCRIPTION OF ECOLOGY

In the Bajocian of the U. S. Western Interior C. (C.)

laminatus is the only pectinid present in limestones and shales

containing a rather restricted fauna, dominated by 'Ostrea'

and Vaugonia. The maximum height attained is 59.5 mm(Im-

i.ay, 1964).

In the Bathonian of S. England C. (C.) laminatus is re-

corded from the Minchinhampton Beds (L. Bathonian),

shelly oolites containing a diverse fauna, in which the species

reaches a maximum height of 58 mm(BM 20744). In the ap-

proximately contemporaneous Fuller's Earth Clay on the

Dorset coast, fragments of C. (C.) laminatus are common in

an otherwise almost monotypic bed of Praeexogyra bebridi-

ca. In the U. Bathonian C. (C.) laminatus occurs commonly

in the Forest Marble, a grain supported, partly oolitic lime-

stone with a dominantly epibenthic fauna of oysters, Modiolus

and Epithyris. The species is also found in the L. Cornbrash, a

non-oolitic,shell-fragment limestone with abundant infaunal

bivalves (Ceratomya, Pleuromya) and echinoids (Holec-

typus, Nucleolites) in addition to epifaunal bivalves (En-

tolium (E.) corneolum, Meleagrinella) and brachiopods

(Obovotbyris).

In the Bathonian of central England occasional specimens

of C. (C.) laminatus are found in paralic clay/limestone se-

quences in association with a low diversity fauna dominated bv

Praeexogyra bebndica but also containing Placunopsis, Mod-

iolus, Myopbolas, Cuspidana, and Kallirhyncbia (Torrens,

1968). J. D. Hudson (pers. comm., 1977) has recorded a

single specimen from similar facies in the Inner Hebrides.

Text fig. 116: Camptonectes (C.) laminatus - European distribution.
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Text fig. 117: Camptonectes (C.) lammatus - World distribution (Callovian reconstruction)

Outside Britain the species appears to be less common but

occurs at most levels in the Bathonian. It ts not found in the

deep water pelagic limestones of the peri-Mediterranean re-

gion, the only records from the latter area being from shallow

water oolitic deposits (e. g. Kilian and Guebhard, 1905).

8. INTERPRETATION OF ECOLOGY

It is clear from Section 7 that apart from showing a general

preference for shallow water environments, C. (C.)

lammatus was a eurytopic species. Environments supporting

a diverse fauna were preferred but in such situations both high

energy oobiospantes (e. g. Minchmhampton Beds, Forest

Marble) and lower energy biomicrites (e. g. L. Cornbrash)

were colonised. The occurrence of C. (C.) laminatus in low

diversity faunas such as in the Bajocian of the U. S. Western

Intenor (lacking in Grypbaea, pholadomyoids and other pec-

tinids) and the Bathonian of the E. Midlands (lacking in

cephalopods, ectoprocts and corals) indicates a tolerance of

high environmental stress. In the former case the presence

nearby of gypsiferous deposits (Gypsum Springs Formation)

indicates that high stress was the result of hypersaline condi-

tions (Hallam, 1975a). However, in the latter case the ab-

sence of evaporites suggests that high stress probably resulted

from low or fluctuating salinities. The euryhaline oyster

Praeexogyra bebridica (see J. Hudson and Palmer, 1976) is a

frequent associatein the Bathonian of the E. Midlands but M.

J. Bradshaw reports (pers. comm., 1977) that C. (C.)

laminatus is only found, and then rarely, in the beds with the

greatest marine influence. The impression thus gained, that

C. (C.) laminatus was only able to withstand slightly abnor-

mal salinities, is bolstered by the extreme rarity of the species

in the Hebrides, where the Bathonian is of generally less

marine aspect, and the more frequent occurrence in the

Praeexogyra bebridica Bed in Dorset where the presence of

adherent Foraminifera (and of ammonites in the surrounding

clays) suggests nearly normal salinities (J. Hudson and

Palmer, 1976).

The frequent association with oysters suggests that C. (C.)

laminatus may have used this group for byssal attachment.

9. FUNCTIONALMORPHOLOGY

Since C. (C.) laminatus is in most morphological respects

identical to C. (C.) auritus a similar byssate mode of life can

be inferred. The maximum height (59.5 mm) is small enough

to suggest that the species was byssate throughout ontogeny.

However, the apparent allometric decrease in N/L may indi-

cate that the largest individuals were free living. The more

prominent Ornament of C. (C.) laminatus may have resulted

in a stronger shell than C. (C.) auritus but this does not ap-

pear to correlate with any autecological differences, both

species being common in high energy environments.

10. ORIGINS ANDEVOLUTION

C. (C.) laminatus almost certainly evolved from C. (C.)

auritus. The stratigraphically and geographically isolated first

occurrence of C. (C.) laminatus (L. Lias, Japan), a subse-

quent migration (see Section 6), and the sudden appearance of

the species in Europe are classic indications of allopatric

speciation.

Since the number of divaricate Striae increases during the

ontogeny of C. (C.) auritus the relatively widely spaced Or-

nament of C. (C) laminatus may be a product of hetero-

chronic retardation of the rate of ornamental development.

The appearance of auricular lamellae cannot, however, be

simply explained by heterochrony and suggests that specia-

tion involved at least some change in the structural genome.

There is no evidence for any phyletic evolution within C.

(C.) laminatus.

The decline and subsequent extinction of C. (C.) laminatus

is correlated with the reappearance in Europe of large num-

bers of C. (C.) auritus. It may be that after a phase of com-

petitive exclusion in the Bathonian C. (C.) auritus had
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evolved sufficiently (see p. 124) to outcompete C. (C.) lami-

natus in the Callovian and Oxfordian.

Camptonectes (Camptonectes) virdunensis (Buvignier 1852)

PI. 4,Figs. l,2;textfigs. 118-120

Synonymy

Pecten Zieteneus sp. nov; BUVIGNIER, p. 24, pl. 19,

figs. 24, 25.

Pecten virdunensis sp. nov; BUVIGNIER, p. 24,

pl. 20, figs. 4-6.

Pecten suprajurensis sp. nov; BUVIGNIER, p. 24,

pl. 19, figs. 21-23.

Pecten suprajurensis (BUVIGNIER); CONTEJEAN,

p. 218.

Pecten FUrnandi sp. nov; CONTEJEAN, p. 312,

pl. 24, figs. 1,2.

Pecten Delessei sp. nov; Etallon in THURMANN
and ETALLON, p. 263, pl. 37, fig. 9.

Pecten Sableri sp. nov; ETALLON in Thurmann
and ETALLON, p. 264, pl. 37, fig. 10.

Pecten flamandi CONTEJEAN; T/HURMANN and

ETALLON, p. 264, pl. 37, fig. 1.

Pecten Waldeckensis sp. nov; ETALLON in THUR-

MANNand ETALLON, p. 265, pl. 37, fig. 3.

Pecten suprajurensis BUVIGNIER; DE LORIOL and

Pellat, p. 105, pl. 10, fig. 5.

Pecten suprajurensis BUVIGNIER; DE LORIOL and

COTTEAU,p. 644.

Pecten suprajurensis BUVIGNIER; DE LORIOL e t a 1.

,

p. 379, pl. 22, fig. 3.

Pecten titonius sp. nov; GEMMELLAROand Dl

BLASI, p. 120, pl. 3, figs. 13-15.

Pecten suprajurensis Buvignier; DE LORIOL and

Pellat, p. 188.

Pecten Flamandi CONTEJEAN; DE LORIOL and

Pellat, p. 194, pl. 22, figs. 6, 7.

Pecten virdunensis BUVIGNIER; DE LORIOL and

Pellat, p. 199, pl. 22, fig. 16.

Pecten äff. tithonius GEMMELLAROand Dl BLASI,

BOEHM,p, 183, pl. 40, fig. 5.

Pecten (Camptonectes) virdunensis BUVIGNIER;

ROEDER,p. 55.

Pecten tithonius GEMMELLAROand Dl BLASI;

BOEHM,p. 605, pl. 67, figs. 21-23.

Pecten Bucht ROEMER;DE LORIOL, p. 53, pl. 6,

flg. 7 (non ROEMERsp.).

Pecten tithonius GEMMELLAROand Dl Blasi;

Remes, p. 201.

Pecten (Camptonectes) ledonicus sp. nov; DE LOR-

IOI . p. 227, pl. 24, fig. 2.

Pecten virdunensis BUVIGNIER; PERON, p. 223.

Pecten zieteneus BUVIGNIER; PERON, p. 224.

Pecten suprajurensis BUVIGNIER; Peron, p. 229.

Chlamys virdunensis (BUVIGNIER); COSSMANN,

p.2,pl. 5, fig. 1.

Pecten tithonius GEMMELLAROand Dl Blasi;

Faurl-Marguerit, p. 56.

Pecten virdunensis Buvignier; ROMAN,p. 194.

Pecten tithonius Gemmellaro and Di Blasi;

Staesche, p. 82, pl. 5.

Camptonectes virdunensis (BUVIGNIER); Arkell,

p. 99, pl. 7, figs. 5, 5a.

Chlamys suprajurensis (Buvignier); Salin, p. 140.

Camptonectes ledonicus (DE LORIOL); DeCHAS-

EAUX, p. 34, pl. 5, fig. 3.

Camptonectes Zietenus (BUVIGNIER); DECHAS-

EAUX, p. 34, pl. 5, figs. 5, 6.

? 1852
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Text fig. 119: Camptonectes (C.) virdunensis - height/umbonal

angle.

2. AMENDEDDIAGNOSIS

Distinguished from all other species of C. (Camptonectes)

by the consistently sub-ovate disc (H >L).

3. AMENDEDDESCRIPTION

Essentially similar to C. (C.) auritus apart from the diag-

nostic feature (see Section 2), higher mean H/UA (text

fig. 1 19), apparently isometric growth of H/L (text fig. 1 18)

to the maximum height of 67.5 mm(Gemmellaro and Di

Blasi, 1874), somewhat weaker ornamentation and thinner

shell. The sub-ovate form is illustrated in PI. 4, Figs. 1, 2.

4. DISCUSSION

Buvignier's (1852) drawings of 7V Zieteneus and

TV Virdunensis are both based on specimens derived from

U. Oxfordian reef facies. However, only that of TV Vir-

dunensis (1) definitely depicts the narrow C. (Camptonectes)

species which is common in this facies (see Section 8) and de-

scribed in Section 3. The dimensions of the figure of

P. Zieteneus (2) plotwithin the ränge of the species described

in Section 3 but the figure is an enlargement and Dechaseaux

(1936), who probably had access to the original, has referred

to Camptonectes Zietenus specimens whose dimensions (3)

are comparable with C. (C.) auritus, of which they would

thus seem to be rare representatives from reef facies (see p.

123). Although Peron (1905) has applied the name

'P. ' zieteneus to specimens which are at least in part referable

to the species described in Section 3, it seems preferable to

adopt the name C. (C.) virdunensis for the latter until such

time as the type material of 'P. ' Zieteneus (which would have

pnority as name bearer) is relocated and shown unequivocally

to be representative of the species described in Section 3. The

figure of 'P. ' suprajurensis Buvignier (4) has metric propor-

tions within the ränge of C. (C.) virdunensis but like that of

'P. ' Zieteneus is an enlargement. De Loriol and Pellat

(1866) and Peron (1905), who may have had access to the

original, have applied the specific name to specimens whose

metric proportions (5 and 6 respectively) are comparable with

C. (C.) auritus. However, de Loriol et al. (1872) figure a

specimen which seems to be representative of C. (C.) vir-

dunensis under 'P. ' suprajurensis. With the evident possibil-

ity of confusion the systematic affinities of the type material

of 'P. ' suprajurensis and of inadequately characterised speci-

mens referred to the species in Contejean (1859), de Loriol

and Cotteau (1868), de Loriol and Pellat (1875), Salin

(1935) and Dechaseaux (1936) are best left an open question.

Specimens referred to C. suprajurensis by Späth (1936) can

however definitely be placed in C. (C.) auritus (see p. 118).

TV Sableri Etallon, 'P. ' titonius Gemmellaro and Di

Blasi and 'P. ' ledonicus de Loriol are inseparable from C.

(C.) virdunensis by their metric proportions (respectively 7, 8

Text fig. 120: Camptonectes (C.) virdunensis - European distribution.
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and 9) and ornament. 'P.' Waldeckensis Etallon is also in-

separable by metric proportions (10) and the apparent lack of

ornament can probably be attributed to abrasion. The original

figure of 'P. ' Flamandi Contejean has H/L (1 1) very similar

to that of C. (C.) virdunensis but H/UA is abnormally small.

While this might be due to inaccurate drawing the existence of

quite strong comarginal ornament in addition to divaricate

Striae suggests that Contejean's species may be referable to

C. (Camptocblamys) obscurus. Specimens figured under

'P.' Flamandi by de Loriol and Pellat (1875) may have

similar affinities but those referred to Contejean's species by

Thurmann and Etallon (1862) and Dechaseaux (1936) al-

most certainly belong in C. (C.) virdunensis.

'Chlamys' virdunensis (Buvignier); Cossmann was com-

pared with 'P.' clathratus Roemer while Faure-Marguerit's

( 1 920) record of Gemmellaro and Di Blasi's species was based

on specimens said to have 'quadrilateral' ornament. This sug-

gests possible misapplication of these specific names to exam-

ples of C. (Camptocblamys)

.

The affinities of TV Buchi de Loriol (non Roemer) and

'P.' Delessei Etallon are discussed under C. (C.) auritus.

5. STRATIGRAPHIC RANGE

C. (C.) virdunensis is first recorded in the L. Oxfordian of

Alsace (Roeder, 1882). Thenceforth it is found locally until

the U. Tithonian when it is recorded from Stramberg in

Czechoslovakia (Boehm, 1883; Remes, 1903).

6. GEOGRAPHICRANGE

Commonoecurrences of C. (C.) virdunensis are restricted

to the central and southern parts of Europe (text fig. 120)

where the appropriate reefal facies (see Section 8) is wide-

spread. The only known oecurrence of the species outside

Europe is a single speeimen from the Oxfordian/Kimmend-

gian of Somalia (Stefanini, 1939).

7. DESCRIPTION OF ECOLOGY

C. (C.) virdunensis is found commonly in the U. Oxfor-

dian coral reef facies if the Yonne (Peron, 1905), where it

reaches a maximum height of 49 mm(MNS). The diverse as-

sociated fauna is described on p. 88. Contemporaneous oe-

currences of the species in the Meuse (Buvignier, 1852) and

Jura (de Loriol, 1894, 1904) are from similar facies.

In the Kimmeridgian C. (C.) virdunensis is found in coral

reef facies at Kelheim (Boehm, 1881a) and reef derived facies

in the E. Paris Basin where the species reaches a maximum

height of 60 mm(NM).

In the L. Tithonian C. (C.) virdunensis is recorded from

the Nattheim and Neuburg coral reefs in S. Germany

(Staesche, 1926; Yamani, 1975). In similar facies in Sicily

(Gemmellaro and Di Bl asi, 1 874) the species is reported to be

common and to attain a maximum height of 67.5 mm.

In the U. Tithonian coral reef at Stramberg C. (C.) vir-

dunensis is recorded commonly by Boehm (1883).

Of the other unequivocal records of C. (C.) virdunensis

listed in synonymy only those in de Loriol and Pellat

(1875), de Loriol et al. (1872) and Arkell (1930a) can be

said to refer to specimens which are definitely not derived

from reef facies. In the first two cases (from the Kimmeridgian

of the Boulonnais and the 'Portlandian' of the E. Paris Basin

respectively) the number of specimens is indeterminate and in

the last case (U. Oxfordian, Dorset) only one speeimen is re-

corded.

8. INTERPRETATION OF ECOLOGY

It is clear from Section 7 that C. (C.) virdunensis was a

highly stenotopic species, restricted to coral reef facies. As

such its palaeosynecology is comparable with that of the simi-

larly restricted species of S. (Spondylopecten). Like the latter

its absence from Kimmeridgian reefs at La Rochelle may re-

late to their dense strueture (see p. 88). Failure to colonise the

apparently suitable Oxfordian reefs of England may have

stemmed from an intolerance of the lower temperatures of

more northerly latitudes.

Recent low convexity, weakly ornamented, thin shelled

morphological analogues of C. (C.) virdunensis include

Chlamys marshallensis, Ch. madreporarum and Ch. ir-

regulans, all of which live byssally attached either beneath or

within coral colonies (Waller, 1972b).

9. FUNCTIONALMORPHOLOGY

Since C. (C.) virdunensis is in most morphological respects

identical to C. (C.) auritus a similar byssate mode of life can

be inferred. The maximum height of C. (C.) virdunensis

(67.5 mm) is considerably greater than that of the mor-

phological analogue Ch. marshallensis (30 mm) and this

probably implies that the former did not live suspended from

a byssus when adult. Large specimens probably gained addi-

tional support from contact between the disc and corals. Such

support might have been obtained in crevices and the low

convexity, minimally ornamented shell would have been well

adapted to this microhabitat. The protection against waves

and predatory attacks afforded by crevice microhabitats

might be the reason behind the possession of only a thin, weak

shell.

The high H/L ratio of the shell renders it probable that C.

(C.) virdunensis could only have been a poor swimmer.

10. ORIGINS AND EVOLUTION

C. (C.) virdunensis almost certainly arose from C. (C.) au-

ritus, from which it differs significantly only by the greater

H/L and H/UA. Since the former ratio decreases while the

latter increases during the ontogeny of C. (C.) auritus trans-

speeifie evolution could have been brought about by hetero-

chrony. However, simultaneous retardation (of H/L) and ac-

celeration (of H/UA) would have had to have taken place and

it is by no means certain whether such a Situation could have

oecurred in a single speciation event (although Gould (1977)

points out that more distantly related taxa may exhibit in the

descendant, features which may be attributed to both acceler-

ation and retardation of the ancestral ontogeny).

The limited number of measured specimens (30) precludes

an exaet evaluation of phyletic trends within C. (C.) vir-

dunensis. However, maximum height does seem to show a
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genuine increase in the passage from Oxfordian (49 mm) to

Kimmeridgian (60 mm) to Tithonian (67.5 mm). This, to-

gether with extreme stenotopy, is good evidence for the pre-

valence of 'K' selection (Gould, 1977).

Subgenus CAMPTOCHLAMYSArkell 1930a

Type species. OD; Arkell 1930a, p. 102; Pecten intertex-

tus Roemer 1839, p. 27, pl. 18, fig. 23; Oxfordian, N. Ger-

many.

AMENDEDDIAGNOSIS

Differing from C. (Camptonectes) in that weak radial rib-

lets and comarginal lamellae are present giving rise to a reticu-

late pattern of sculpture. Jur. (Aalen. -Tithon.), ?Cret., Eur.,

Asia, Afr., N. Am., ?Austr.

DISCUSSION

In his diagnosis Hertlein (1969: N352) stated that Camp-

tochlamys ranged only from the Bajocian to the 'Portlandian'

(Tithonian) and was restricted to England. The stratigraphic

and geographic ränge can now be extended to that given

above. If theCretaceousforms(seep. 136)areindeedreferable

to C. (Camptocblamys) then the subgenus Boreionectes

Zakharov 1965 should be regarded as a junior subjective

synonym.

Arkell (1930a) originally created Camptocblamys as a

subgenus of Chlamys. However, Cox (1952) suggested that it

be transferred to Camptonectes because divaricate Striae were

seen on a specimen (BM L26669) of the type species Pecten in-

tertextus Roemer (= C. (Cc.) clathratus (Roemer)). The au-

thor has been unable to trace the relevant specimen and has yet

to find any further examples exhibiting divaricate Ornament.
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The possibility of removal by abrasion cannot, however, be

discounted.

Two groups may be distinguished in Jurassic C. (Camp-

tocblamys) on the following basis:

1. Radial Striae reaching the ventral margin at all stages in

ontogeny (= C. (Cc.) clathratus).

2. Radial Striae restricted to within a few cm. of the umbo

(= C. (Cc.) obscurus).

Camptonectes (Camptocblamys) obscurus (J. Sowerby 1818)

PI. 4, Figs. 17-22, 24, 25; text figs. 121-130

Synonymy

Pecten obscura sp. nov; J. Sowerby, p. 3, pl. 205,

Fig. 1.

Pecten lamellosus sp. nov; J. Sowerby, p. 67,

pl. 239.

Pecten annulatus sp.nov;J. DE C. SOWERBY,p. 80,

pl. 542, fig. 1.

Pecten obscurus J. SOWERBY;GOLDFUSS, p. 48,

pl. 91, fig. 1.

Pecten annulatus J. DE C. SOWERBY;GOLDFUSS,

p. 49, pl. 91, fig. 2.

Pecten sublaevis sp. nov; ROEMER,p. 70, pl. 3,

fig. 16.

Pecten concmnus sp. nov; KOCHand DUNKER,

p. 42, pl. 5, figs. 4a, 4b.

Pecten concentncus sp. nov; KOCHand DUNKER,

p.43, pl. 5, fig. 8.

Pecten Germaniae sp. nov; d'Orbigny, v. 1,

p. 314.

Pecten Obrtnus sp. nov; d'Orbigny, v. 1, p. 373

(BOULE, 1927, v. 16, p. 131, 1928, v. 17, pl. 6,

figs. 5,6).

Pecten circinalis sp. nov; BUVIGNIER, p. 24, pl. 19,

figs. 13-15.

Pecten annulatus J. DE C. SOWERBY;MORRISand

Lycett, p. 12, pl. 1, fig. 13.

Pecten Germaniae d'Orbigny; Chapuis and

DEWALQUE,p. 214, pl. 29, fig. 2.

Pecten lens J. SOWERBY; QUFNSTFDT, p. 432,

pl. 59, fig. 3 (non pl. 59, fig. 4, non p. 322, pl. 44,

fig. 12, p. 354, pl. 46, fig. 20, pl. 48, fig. 8; non

J. Sowerby sp.).

Pecten Gremeri sp. nov; CONTEJEAN, p. 311,

pl. 23, figs. 7-9.

Pecten Flamandi sp. nov; CONTEJEAN, p. 312,

pl. 24, figs. 1,2.

Pecten lamellosus J. Sowerby; Coquand, p. 91.

Pecten annulatus J. DE C. SOWERBY; TRAUT-

SCHOLD, p. 446.

Pecten flamandi CONTEJEAN; ThuRMANNand

ETALLON, p. 264, pl. 37, fig. 1

.

Pecten Greneien CONTEJEAN; THURMANNand

ETALLON, p. 265, pl. 37, fig. 7.

Pecten sublaevis ROEMER;V. SEEBACH, p. 100.

Pecten concentricus KOCHand DUNKER; V. SEE-

BACH, p. 100.

Pecten lamellosus J. SOWERBY;DE LORIOL and

Pellat, p. 103, pl. 10, fig. 4.

Pecten exaratus sp. nov; TERQUEMand JOURDY,

p. 128, pl. 13, fig. 17.

Pecten Grenieri CONTEJEAN; DE LORIOL et al.,

p. 382, pl. 22, figs. 5, 6.

Pecten Flamandi CONTEJEAN; de Loriol and

Pellat, p. 194, pl. 22, figs. 6, 7.

Pecten äff. Grenieri CONTEJEAN;BOEHM,p. 603,

pl. 67, figs. 17, IX.

v* 1818
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1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'Spec. Char. Sub-orbicular, depressed, with obscure

arched longitudinal rugae upon the surface; ears large.

Somewhat longer than wide: the surface is dull, almost

smooth; but lt has some indications of divergingfurrows. The

edge is thick.

Occurs upon the sandv Limestone slate of Stonesfield, near

Oxford. My specimen was forwarded to me long since by

Dr. Williams.'

2. AMENDEDDIAGNOSIS

Distinguished from C. (Camptocblamys) clathratus by the

fact that the radial Striae extend no more than a few cen-

timetres from the umbo and are thereafter replaced by divari-

cate Striae.

3. AMENDEDDESCRIPTION

Essentially similar to C. (Camptonectes) auritus. Differing

by the presence of comarginal lamellae and radial Striae (PI. 4,

Fig. 22) of variable length, greater maximum height

(122 mm, OUMJ37483; ?206 mm, see Section 7), higher

mean H/U A (text fig. 122), greater convexity of the left valve,

isometric increase in anterior hinge length and right valve in-

tersinal distance to give higher values of AH/L (text fig. 127)

and I R/L (text fig. 124) late in ontogeny, isometric increase of

anterior auricle height to give lower values of HAA/L (text

fig. 126) late in ontogeny and allometric increase of posterior

hinge length to give higher values of PH/L (text fig. 128) late

in ontogeny. The remaining metric characters are plotted in

text figs. 121, 123, 125.

Unlike C. (C.) auritus there appear to be no phyletic

changes in metric proportions beyond an increase in size and a

possible accentuation of allometric decrease in H/L in Titho-

nian as compared to Bathonian individuals.
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4. DISCUSSION

A disjunct stratigraphic distribution with two distinct

peaks in abundance (see Sections 5, 7) has resulted in the

evolution of two taxonomic schemes (centred on species

erected by the Sowerbys for Bathonian and Tithonian exam-

ples)forM. and U. Jurassic representatives of the species de-

scribed in Section 3. There is, however, no biological basis for

maintaining a distinction and in the absence of any evidence

for the existence of separate lineages such differences as exist

between earlier and later populations (see Section 3) can be

most parsimoniously explained in terms of phyletic evolution

(see Section 10). LargeL. Cretaceous forms (usually referred

to Camptonectes cinctus J. Sowerby) are probably also phylet-

ic descendants but their systematics are excluded from this

discussion because the present author has yet to survey the lit-

erature and has examined relatively few specimens. Suffice it

to say that metric proportions (c) would plot within the ränge

of Jurassic ontogenies if these were projected to larger sizes.

The following types and figures of types from the Jurassic

are inseparable from the species described in Section 3 on the

basis of metric proportions:

1. The holotype (M) of 'Pecten' obscura J. Sowerby (BM

43325; PI. 4, Fig. 24).

2. Two syntypes of 7V lamellosus J. Sowerby (BM

43299; PI. 4, Fig. 17).

3. The holotype (M) of 'P.' annulatus }. de C. Sowerby

(BM 43301; PI. 4, Fig. 18).
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4. The sole observed type of TV exaratus Terquem and

Jourdy (ENSM L335).

5. A paratype of Camptonectes indicus Cox (BM L75265;

PI. 4, Fig. 25).

6. The type series of C. Richei Dechaseaux (NM).

7. The original figure of TV sublaevis Roemer.

8. The original figure of TV concinnus Koch and Dunk
er.

9. The original figure of C. Sowerbyi Staesche.

In none of the foregoing cases does any difference in Orna-

ment provide a basis for distinction. The subdued ornamenta-

tion of 'P. ' obscura, 'P. ' exaratus and C. Richei is clearly the

result of wear. Varietal use of TV annulatus in Staesche

(1926) and Stoll (1934) and of TV exaratus in Dechaseaux

(1936) does not depart from the original authors' hypodigms.

'P. ' sublaevis Roemer should be permanently rejected since it

is a junior primary homonym of 'P. ' sublaevis Young and

Bird (itself a junior subjective synonym of Pseudopecten (Ps.)

equivalvis).

Figures of the types of 'P. ' Obrinus d'Orbigny, P. cir-

cinalis Buvignier, TV sab annulatus Schlippe, TV Broen-

lundi Ravn and C. browni Cox were not measured but in

each case the Ornament does not differ significantly from that

of the species described in Section 3. Hayami's (1961) record

of a specimen resembling Cox's species must be treated scep-

tically in view of the disjunct geographic position (Japan) and

lack of a figure. Although a figure is provided of C. wagg-

rakinensis Skwarko (from W. Australia) the original is very

poorly preserved. Nevertheless comparison with 'P. ' cinctus

J. Sowerby suggests that it could be synonymous with the
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species described in Section 3 (see above). The figure of

'P.
' chavattensis de Loriol depicts a specimen with reticu-

late Ornament, as is characteristic of C. (Camptochlamys),

and mention in the description of 'punctae' on the right valve

suggests that it may be referable to the species described in

Section 3.

'P. ' Germamae d'Orbigny was erected for a specimen

from the Kimmeridgian assigned to 'P.' annulatus J. de

C. Sowerby by Goldeuss (1833). Presumably d'Orbigny

(1850) considered that the horizon of derivation merited a dis-

tinction from J. de C. Sowerby's species, whose holotype is

from the Bathonian. However, the present author's inclusion

of both M. and U. Jurassic specimens within the same

hypodigm renders this insufficient grounds for a specific Sep-

aration.

The original figure of 'P. ' concentricus Koch and Dunkfr

appears to depict the comarginally ornamented right valve of

Entolium (E.) orbkulare but the fact that v. Seebach (1864)

and Behrendsen (1891), both of whom may have examined

the type material, have applied the specific name to specimens

with radial as well as comarginal ornament suggests that it

may be a reversed illustration of the left valve of the species

described in Section 3. Although H/L and H/UA (10) are

both high for the latter species they are considerably less dis-

tant than from E. (E.) orbkulare.

Although one of the original figures (pl. 40, fig. 6) of

C. praecinctus Späth (Tithonian) has metric proportions (H:

168, L: 165, UA: 128) within the ränge of projected on-

togenies of the species described in Section 3, the other

(pl. 41, fig. 1) has a rather low H/UA (100/40), which, to-

gether with the poor development of comarginal lamellae,

suggests that the species may in fact be synonymous with C.

(C.) auntus.

The affinities of Contejean's (1859) species 'P.' Grenien

and 'P.
' Flamandi and secondary references thereto are dealt

with under Radulopecten stnctus and C. (C.) virdunensis re-

spectively.

The original (GPIT) of 'P.'lens J. Sowerby; Quenstedt

(1858, pl. 59, fig. 3 only) has radial Striae in the umbonal reg-

ion and is clearly referable to the species described in Sec-

tion 3 rather than Sowerby's species (= C. (C.) auritus).

Records of J. Sowerby's species in Lahusen (1883) and

Sokolov and Bodylevsky (1931) are discussed under C. (C.)

auntus. Specimens said to have strong comarginal ornament

but which were referred to C. lammatus by Bradshaw(1978)

are probably representative of the species described in Sec-

tion 3.

Of the synonymous species discussed above the earliest

available name for the species described in Section 3 is 'P. ' obs-

cura]. Sowerby.

5. STRATIGRAPHIC RANGE

The first records of C. (Cc.) obscurus are from the Aalenian

(Murchisonae zone) of Swabia (Staesche, 1926). A few

specimens are recorded from the Bajocian of S. Germany

(Quenstedt, 1858), E. France (Dechaseaux, 1936) and the

Cotswolds (BM 73397, L5125, L17573, L41949, L84344,

L95 1 80, LL24287) but the species does not become common

until the Bathonian. Callovian records from Europe are lim-

ited to Lahusen (1883) and a few specimens in DMwhile

Oxfordian records are limited to Buvtgnier (1852). Definite

records from the Kimmeridgian are restricted to Goldfuss

(1833), Koch and Denker (1837), v. Seebach (1864) and De-

chaseaux (1936). However, the species becomes common

again in the Tithonian and if specimens such as BMLI 354 and

L241S9 are included within C. (Cc.) obscurus (see Section 4)

the stratigraphic ränge can be said to extend into the L. Cre-

taceous at least as far as the Hauterivian.

6. GEOGRAPHICRANGE

C. (Cc.) obscurus was essentially a Boreal species. Thus for

most of its stratigraphic ränge distribution was centred in

N. Europe (text fig. 129) and in the later (Tithonian-L. Cret-

aceous) parts of its stratigraphic ränge the centre of distribu-

tion shifted outside Continental Europe, into Britain (see Sec-

tion 7).

Text fig. 129: Camptonectes (Camptochlamys) obscurus - European distribution.
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Text fig. 130: Camptonectes (Camptochlamys) obscurus -World distnbution (Callovian reconstruction)

The paucity of Callovian records in Europe (see Section 5)

is probably the result of the widespread development of un-

favourable clay facies (see Section 8). Records from the Cal-

lovian of Somalia (Cox, 1935a) and India (Cox, 1952) and

PCallovian of Afghanistan (Rossi Ronchetti and Fantini Ses-

tini, 1961) may thus signify migration to more suitable en-

vironments (text fig. 130). Similarly the rarity of the species in

the Bajocian and Oxfordian of Europe may correlate with oc-

currences in the Bajocian of Somalia (Stefanini, 1939) and

possible occurrences in the Bajocian (Skwarko, 1974) and

Oxfordian (a poorly preserved, unlocalised and unnumbered

specimen in the BM) of Australia. However, in these cases ex-

clusion from Europe was more probably the result of compet-

ition with C. (C.) auritus since suitable sedimentary en-

vironments were widespread (see Section 8).

7. DESCRIPTION OF ECOLOGY

In the Aaleman of Swabia C. (Cc.) obscurus occurs in

chamosite oohtes in association with common examples of

Propeamussium (P.) pumilum and Entolium (E.) corneolum.

The maximum height attained is 74 mm(GPIT). C. (C.) au-

ritus is a fairly rare associate but in similar almost contem-

poraneous Sediments in central England (Northampton Sand

Ironstone) it is commonwhile C. (Cc.) obscurus is unknown.

C. (C.) auritus is also common throughout the Bajocian in

Europe but C. (Cc.) obscurus is generally rare (see Section 5).

However an isolated specimen (Stafsche, 1 926) attains a max-

imum height of 93.8 mm.

In theBathonianof Britain C. (Cc.) obscurus is particularly

common in the Stonesfield Slate (L. Bathonian) where the

most commonfaunal associates are oysters and 'Trigonia im-

pressa' together with rhynchonellid brachiopods andcidaroid

echinoids. The Sediments are flat laminated calcareous sand-

stones and sandy oolites. The species also occurs, albeit

somewhat less commonly, in grain supported shelly oolites of

roughly the same age at Minchinhampton and in the

U. Bathonian Forest Marble. In both cases C. (C.) laminatus

is a fairly common associate and at the former locality C.

(Cc.) clathratus also occurs quite frequently. The sedimen-

tary and faunal associations of most other Bathonian occur-

rences of C. (Cc.) obscurus are unclear. However in the M./U.

Bathonian White Limestone Formation of the Cotswolds the

species occurs in muddy lime sands,where the principal faunal

associates are Praeexogyra hebridica and lsognomon isog-

nornoides, and in shelly micrites where the brachiopod

Epitbyris is the dominant faunal element. C. (Cc.) obscurus is

absent from lime sands and pelleted lime muds in the same

formation (T. Palmir, 1979) but it may occur in sands and

oyster reefs further northeast in the Rutland Formation

(Bradshaw, 1978, see Section 4). The maximum height at-

tained by the species in the Bathonian is 69 mm(BM L10962).

C. (Cc.) obscurus is rare in the Callovian of W. Europe (see

Section 5), where the stage is widely developed in clay facies,

but is known from a limestone sequence containing chamosite

oolite beds in Russia (Lahuseni, 1883). Oolitic deposits are

widespread in the Oxfordian of Europe but C. (Cc.) obscurus

is absent from them, the only record of the species in the Ox-
fordian being from marls (Buvignier, 1852). C. (C.) auritus

and C. (C.) clathratus are however quite common in Oxford-

ian oolites as well as other Sediments.

C. (Cc.) obscurus is rare in the L. Kimmeridge Clay (Kim-

meridgian) but is occasionally found in the sandy marginal

facies developed in the upper part of the formation

(M. Tithonian) in S. England and N. W. France. C. (C.) au-

ritus is much more common at the latter horizon but in the

U. Tithonian it is rare and C. (Cc.) obscurus is common,

reaching a maximum height of 122 mm(OUM J37483). In

Dorset C. (Cc.) obscurus occurs most abundantly at three

levels in the U. Tithonian; within the Portland Sand Forma-

tion, in the Exogyra Beds (Corton Hill Member),and within

the Portland Stone Formationen the Basal Shell Bed (Dungy

Head Member) and the Freestone Series (Winspit Member).

In each case there is a diverse associated ammonite, gastropod

and bivalve fauna including the genera Trigonia, Protocardia,

lsognomon, Pleuromya and Exogyra. Records from Titho-

nian marls and limestones (Calcaire de Barrois) in the E. Paris

Basin (Salin, 1935) are associated with a much less diverse
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fauna (lacking in ammonites and dominated by 'Corbula',

'Leptoxis', 'Lioplax' and 'Melama') and specimens from the

'Kimmeridgian/Portlandian' (Koch and Dunker, 1837) and

'L. and U. Kimmeridge' (v. Seebach, 1864) of L. Saxony are

probably derived from horizons with a similarly restricted

fauna (Holder, 1964; Huckriede, 1967).

Specimens usually referred to C. cinctus J. Sowerby but

which are likely to be phyletic descendants of C. (Cc.) obs-

curus (see Section 4) are found in the Valanginian and

Hauterivian of Lincolnshire, where they reach a maximum

height of 206 mm(BM LI 354). The horizons of greatest

abundance appear to be the Claxby Ironstone (a chamosite

oolite containing a diverse fauna including the bivalves Exo-

gyra, Trigonia and Cucullaea together with ammonites and

belemnites) and the Tealby Limestone (a sequence of sandy

limestones, clays and shales). A singlespecimen (BM L24189)

is known from roughly contemporaneous deposits in

N. Germany but there are no records from further south in

Europe.

8. INTERPRETATION OF ECOLOGY

The oolitic limestones and ironstones most commonly oc-

eupied by C. (Cc.) obscurus are indicative of generally high

energy levels and Sellwood and McKerrow (1974) have sug-

gested that periodic storms were an important factor during

the deposition of the Stonesfield Slate, in which the species is

particularlv common. The levels at which C. (Cc.) obscurus is

most abundant in the U . Tithonian of Dorset are indicative of

regression (Townson, 1975) and onecan assume that shallow-

ing of the sea resulted in higher environmental energy from

the increased effect of waves and currents.

The rarity of C. (Cc.) obscurus in most argillaceous se-

quences suggests that the species could not tolerate low energy

environments. However, evidence from the White Limestone

Formation, where low energy environments were apparently

preferentially colonised, belies this reasoning and suggests

moreover that the abundance of the species in oolitic lime-

stones, ironstones etc . is not due to a particular liking for high

energy environments. A dependence on the pre-existence of

some specific element of the fauna (perhaps oysters) for the

Provision of byssal attachment Sites for the iuvenile (see Sec-

tion 9) may have been the primary determinant of distribu-

tion.

The occurrence of C. (Cc.) obscurus in the Calcaire de Bar-

rois is evidence, accordingto thefacies Interpretation of Salin

(1935), of a tolerance of reduced salinities. The occurrence of

the species in the Kimmeridgian/Tithonian sequence of

L. Saxony provides further evidence ofa tolerance of reduced

salinities if thefacies interpretationof Huc kriede (1967) isfol-

lowed but is evidence of an additional tolerance of high

salinities if the facies Interpretation of Jordan (1971) is

adopted. If confirmed, records from the Bathonian of the

E. Midlands would be evidence of a tolerance of fluctuating as

well as low salinities (see. p. 129).

There is a very noticeable inverse correlation between the

numbers of C. (Cc.) obscurus and C. (C.) auritus at any one

time or place which is strongly suggestive of competition.

There is however little evidence of a similar reaction between

C. (Cc.) obscurus and C. (C.) laminatus and although the

rarity of C. (Cc.) obscurus in the Oxfordian is matehed by a

corresponding abundance of C. (Cc.) clathratus competition

can hardly be invoked in explanation because the species oc-

cur together in numbers in the Bathonian. The rarity of C.

(Cc.) obscurus in the Oxfordian is more probably the resultof

competitiveexclusionby C. (C.) auritus which occurs widely

in the stage.

9. FUNCTIONALMORPHOLOGY

Since C. (Cc.) obscurus is comparable to C. (C.) auritus in

most aspects of morphology, a similar juvenile byssate fol-

lowed by adult rechning mode of life can be inferred. The

greater shell thickness and H/UA of C. (Cc.) obscurus proba-

bly led to the loss of swimming ability at an earlier age,

although some compensation may have been derived from the

greater convexity of the left valve. In spite of an apparent

phyletic reduction in H/L it is still very doubtful whether

adult representatives of later populations could have swum.

Staesche (1926) considered the strong comarginal lamellae

on the disc to be an adaptation for stability in high energy en-

vironments. However, in view of the fact that lamellae are

usually more strongly developed on the left valve (not in con-

tact with the Substrate) and that the non-lamellate species C.

(C.) laminatus occurs with C. (Cc.) obscurus in high energy

environments, Staesche's hypothesis is implausible. A more

likely explanation is that the lamellae provided Camouflage or,

as Staesche also hypothesised, that they served to strengthen

and stiffen the shell against predatory attacks, to which the

animal must have been susceptible in the sessile adult stage.

10. ORIGINS AND EVOLUTION

C. (Cc.) obscurus almost certainly arose from C. (C.) au-

ritus. Regulatory gene evolution leading to heterochrony can

be invoked to explain differences in UA, HAA and AH.

However, simultaneous acceleration (for the first two) and re-

tardation (for the last) would have to have occurred (see p.

1 32). A more fundamental alteration of the genome is probably

indicated by the appearance of such new features as comar-

ginal lamellae and radial Striae and, in the absence of ancestral

allometry, by the higher I R/L of C. (Cc.) obscurus.

Within C. (Cc.) obscurus maximum height undergoes an

overall phyletic increase in the passage from Aalenian

(74 mm) to Bajocian (93.8 mm) to Bathonian (69 mm) to

Tithonian (122 mm) to Valanginian (206 mm). The tempo-

rary reversal to the otherwise smooth trend in the Bathonian is

undoubtedly a real phenomenon since a large number of

specimens are available for measurement from the stage.

There seems also to be a phyletic reduction in H/L from the

Bathonian to Tithonian but the lack of data from intermediate

stages precludes an assessment of whether or not evolution

occurred gradually . Since H/L decreases during the ontogeny

of ancestral populations the phyletic reduction in H/L could

have been brought about by acceleration of shape develop-

ment with respect to size.
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Text fig. 131: Camptonectes (Camptochlamys) clathratus - height/length.

Camptonectes (Camptochlamys) clathratus (Roemer 1836)

PI. 4, Figs. 23, 26, 27, PI. 5, Figs. 1-3, 6; text figs. 131-136

Synonymy

1836 Pecten clathratus sp. nov; ROEMER,p. 212, pl. 13,

flg. 9.

1839 Pecten intertextus sp. nov; ROEMER,p. 27, pl. 18,

fig. 23.

1842 Pecten collineus sp. nov; Buvignier in Sauvage

and Buvignier, p. 533, pl. 4, fig. 7.

v*? 1850 Pecten Rosimon sp. nov; D'ORBIGNY, v. 1, p. 327

(Boule, 1913, v. 8, p. 92, pl. 2, figs. 26, 27).

v* 1852 Pecten Michaelensis sp. nov; BUVIGNIER, p. 24,

pl. 32, fig. 4.

v* 1853 Pecten retiferus sp. nov; MORRIS and L.YCETT,

p.9, pl. 1, figs. 15, 15a.

1853 Pecten personatus GOLDFUSS; MORRIS and L.Y-

CETT, p. 11, pl. 1, fig. 17(non fig. 17a, non GOLD-

FUSSsp.).

1853 Pecten clathratus ROEMER;MORRISand LYCETT,

p. 13, pl. 1, figs. 19, ?19a.

1860

1862

1862

1863

1863

1867

1875

1893

1894

1904

1905

1905

non 1906

Pecten clathatrus ROEMER;COQUAND,p. 79.

Pecten pertextus sp. nov; ETALLONin THURMANN
and ETALLON, p. 257, pl. 36, fig. 7.

Pecten Frotei sp. nov; ETALLONin THURMANNand

Etallon, p. 258, pl. 36, fig. 9.

Pecten Michaelensis Buvignier; Lycett, p. 34,

pl. 33, fig. 3.

Pecten intertextus ROEMER; DOLLFUS, p. 81,

pl. 15, figs. 1-3.

Pecten retiferus MORRIS and LYCETT; LAUBE,

p. 10.

Pecten intertextus ROEMER; DE LORIOL and

PELLAT, p. 200, p. 23, fig. 2.

Pecten intertextus ROEMER;DE LORIOL and Lam-

bert, p. 138, pl. 11, figs. 8, 8a.

Pecten intertextus Roemer; de Loriol, p. 40.

Pecten intertextus ROEMER;DE LORIOL, p. 216.

Pecten (Chlamys) retiferus MORRISand LYCETT;

Kilian and Guebhard, p. 758.

Pecten intertextus ROEMER;Peron, p. 219.

Chlamys rosimon (D'ORBIGNY); COSSMANN,p. 4,

pl. 1 , figs. 7-9.
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1906 Chlamys retifera (MORRIS and LYCETT; COSS-

MANN, p. 5, pl. 1, figs. 10, 11.

1907a Chlamys retifera (MORRIS and LYCETT); Coss-

MANN, p. 240, pl. 8, figs. 14, 15.

1923 Chlamys Lafayi sp. nov; LlSSAJOUS, p. 159, pl. 30,

figs. 1,2.

v non 1926 Chlamys Rosimon (D'ORBIGNY);STAESCHE, p. 38,

pl.2,fig. 1.

v 1930a Chlamys (Camptocblamys) intertextus (ROEMER);

ARKELL, p. 103, pl. 8, figs. 1, 2.

? 1931 Pecten (Chlamys) pertextus var. denstradiatus var.

nov; SOKOLOVand BODYLEVSKY,p. 54, pl. 3, figs.

6a, 6b.

(?) 1936 f Camptocblamys Rosimon (D'ORBIGNY);DECHAS-

eaux, p. 38.

1936 Camptocblamys retiferus (MORRIS and L.YCETT);

Dechaseaux, p. 39.

1936 Camptocblamys Lafayi (LlSSAJOUS); DeCHAS-

EAUX, p. 39.

1936 Camptocblamys intertextus ROEMER; DECHAS-

EAUX, p. 39.

1948 Camptonectes (Camptocblamys) intertextus

(ROEMER); Cox and ARKELL, p. 14.

(?) 1948 Camptonectes (Camptocblamys) rosimon (d'Orb-

IGNY); Cox and ARKELL, p. 14.

? 1961 Camptonectes rigidus Q. SOWERBY); ROSS1 RON-
chetti and Fantini Sestini, p. 122, pl. 13,

figs. 1, 2 (nonj. SoWERBYsp.).

1961 Camptocblamys retiferus (MORRIS and LYCETT);

Barbulescu, p. 701.

1961 Camptocblamys intertextus (ROEMER), BARBU-

LESCU, p. 701.

1964 Camptonectes retiferus (MORRIS and LYCETT);

J.-C. Fischer, p. 19.

? 1977 Camptonectes (Camptocblamys) cf. intertextus

(Roemer); Kelly, p. 88, pl. 1, figs. 18a-c, 19, 20.

The holotype (M) of Pecten clathratus Roe-

mer 1836, p. 212, pl. 13, fig. 9 is probably in

the RoEMER-PELiZAEUS-Museum, Hildes-

heim, W. Germany. It was derived from the

Oxfordian of N. Germany.
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Text fig. 132: Camptonectes (Camptocblamys) clathratus - height/umbonal angle.
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1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'P. testa lineis capilkribus acutis radiantibus rectis concen-

tricisque regulariter clathrata, interstitiis planis quadratis.

Die ziemlich dünne Schale scheint fast kreisrund gewesen

zu sein und trägt oben zahlreiche, haarförmige, schief in die

Höhe gerichtete, gleich weit von einander stehende Linien,

von den gerade ausstrahlende mit concentrischen ein sehr

zierliches, feines Gitterwerk bilden. Die viereckigen, meist

mehr breiten als hohen Flächen zwischen den Linien sind

ganz flach.

Das abgebildete Bruchstück fand sich im oberen Coral rag

des Spitzhuts mit Terebr. tetragona und Turbo princeps zu-

sammen.'

2. AMENDEDDIAGNOSIS

Distinguished from C. (Cc.) obscurus by the fact that the

radial Striae reach the ventral margins at all stages in ontogeny.
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Text fig. 133: Camptonectes (Camptochlamys) clathratus - intersinal distance on left valve/length.



146

3. AMENDEDDESCRIPTION

Essentially similar to C. (Cc.) obscurus apart from the

diagnostic feature (see Section 2), possibly somewhat higher

mean H/UA (text fig. 132), apparent allometric decrease in

AH/Land I L /L (textfigs. 134, 133), Iower comarginal lamel-

lae and usual lack of divaricate Striae (see p. 133). There are be-

tween 33 and 45 radial Striae on the left valve and between 45

and 68 on the right valve (PI. 4, Figs. 23, 26, 27, PI. 5. Figs.

1-3, 6).

Other metric proportions are plotted in text figs. 131, 135.

4. DISCUSSION

As for C. (Camptochlamys) obscurus the disjunct strati-

graphic ränge of the species described in Section 3 combined

with a failure to appreciate the ränge of ornamental Variation

has led to the evolution of two taxonomic schemes for M. and

U. jurassic representatives. Arkell (1930a) considered that

Oxfordian specimens (referred to 'Cblamys' (Cc.) intertextus

(Roemer)) differed from Bathonian specimens (referred to

'Ch.' (Cc.) retiferus (Morris and Lycett)) by the possession

of 45-50 compared with 35-40 radial Striae. Since Arkell

failed to recognise the disparity in numbers of Striae between

right and left valves this gives an incomplete picture of Varia-

tion. However, if one assumes that counts were taken only

from left valves, as seems likely , then the existence of Oxford-

ian specimens with 40 Striae (e. g. YM557) and Bathonian

specimens with 45 Striae (e. g. BM65901) clearly contradicts

Arkell's hypothesis. Metric proportions offer no other

grounds for a distinction, the larger Oxfordian forms plotting

within the ränge of extrapolated Bathonian ontogenies (text

figs. 131-135). Moreover the figured original of 'Pecten' in-

tertextus Roemer, although only a broken speeimen, is mdis-

tinguishable from the lectotype of 'P. ' retiferus Morris and

Lycett (IGS 9169; PI. 4, Fig. 26).

On the basis of the preceding discussion the Oxfordian

species 'P. ' pertextus Etallon and 'P. ' Micbaelensis Buvig-

nii r (both described as havingfinerornament than 'P.' inter-

textus) cannot be separated from the species described in Sec-

tion 3. In addition the figured original of 7V Micbaelensis

(ENSML340; PI. 5, Fig. 3) has metric proportions (1) which

plot within the ränge of projected ontogenies of the species

described in Section 3. 'Ch.' Lafayi Lissajous was separated

from 'P.
' Micbaelensis only by a difference in ornament at

large sizes. Since the figured original of the latter species turns

40-

30

AH

20

10-

• •

- 1
1 1 1

r
-

20 10
i 1 1 1 1 1 1 1 r

60 80
L

100 120

Text fig. 134: Camptonectes (Camptochlamys) clatbratus - anterior hinge length/length.
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out to be a large abraded specimen this is an insufficient basis

for a specific distinction.

The present author has been unable to trace the original

referenceto 'P. ' co//;'we«s Buvignier but Arkell (1930a) places

the species in synonymy with 'Ch.' (Cc.) intertextus.

'P.' Frotei Etallon was compared with 'P. ' collineus in the

original description and metric proportions of the original

figure (2) plot within the ränge of the species described in

Section 3.

The holotype (M) of 'P. ' Rosimon d'Orbigny (MNO
2905) is a poor specimen whose large number of radial Striae

suggests that it may be referable to Radulopecten vagans (the

Interpretation followed by Cossmann [1906]) rather than the

species described in Section 3 (the Interpretation apparently

followed by Dechaseaux [1936] and Cox and Arkell [1948]).

The specimen (GPIT 1592/5; PI. 8, Fig. 16) referred to

'Ch.' rosimon by Staesche (1926) is much more strongly or-

namented than d'Orbigny's holotype and belongs in Ch.

(Ch.) textoria.

Of the species considered to be synonymous above,

'P.' intertextus Roemer was the first designated. However,

an earlier species 'P. ' clathratus Roemer has the characteristic

reticulate Ornament of the species described in Section 3 and

although only described from a fragment must Ix given his-

toricalprecedence. One of Morris and Lyci n's i I853)figures

of 'P.' clathratus (pl. 1, fig. 19) is indistinguishable from

Roemer's species but the other (pl. 1, fig. 19a) is more

reminiscent of C. (C.) laminatus. The same authors also figure

an example of Roemer's species (pl. 1, fig. 17) under the

non-synonymous specific name 'P.' personatus Goldfuss

(see p. 24). The other figured example of 'P. ' personatus

(pl. 1, fig. 17a) may be referable to C. (C.) laminatus. A
specimen referred to the non-synonymous species C. rigidus

(J. Sowerby) by Rossi Ronchetti and Fantini Sestini (1961) is

discussed on p. 127.

Kfllv's (1977) record of C (Cc.) cf. intertextus from the

M. Volgian can only tentatively be placed in synonymy be-

cause the small size of his specimens allows the possibility of

confusion with juveniles of C. (Cc.) obscurus, a common
species at this horizon. Similar reasoning applies to the tenta-

tive inclusion of 'P.' (Ch.) pertextus var. densiradiatus

Sokolov and Bodylevsky (1931).

5. STRATIGRAPHIC RANGE

Two specimens (BM LL1593, LL23688) from the Bajocian

of S. England areprobably referable to C. (Cc.J clathratus as
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Text fig. 135: Camptonectes (Camptochlamys) clathratus - posterior hinge length/length
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are a number of specimens from the U. Bajocian in DM. De

chasi \l\ (1936) records an indeterminate number of speci-

mens from the Bajocian of the E. Paris Basin. In the appro-

priate facies (see Section 8) the species is quite common in the

Bathonian but it becomes rare again in the Callovian. Two

specimens are known from the U. Cornbrash of Yorkshire

(YM 592, BM47434), a few specimens reside in DM,and De

chaseaux (1936) records an indeterminate number of speci-

mens from the Callovian of the E. Paris Basin. The species is

locally quite common in the Oxfordian but becomes rare in

the Kimmeridgian, unequivocal records being limited to NW
France (BM 25346, 65895; Dollfus, 1863), W. France (one

specimen, author's collection) and the Jura (Thurmann and

Etallon, 1862).

Kelly (1977) records nine specimens, which may be refer-

able to C. (Cc.) clatbratus (see Section 4) from the M. Volgian

(M. Tithonian) of Lincolnshire.

6. GEOGRAPHICRANGE

C. (Cc.) clatbratus occurs widely in northern and central

Europe (text fig. 136), its local distribution and abundance

being largely controlled by the development of the appro-

priate sedimentary facies (see Section 8). Records outside

Europe are limited to two dubious specimens (see Section 4),

one from Afghanistan (Rossi Ronchetti and Fanitini Sestini,

1961) and the other from Spitzbergen (Sokolov and Body-

LEVSKY, 1931).

Text fig. 136: Camptonectes (Camptochlamys) clatbratus - European distribution.

7. DESCRIPTION of ecology

In the Bathonian of England C. (Cc.) clatbratus is found

quite commonly in the Minchinhampton Beds (L. Batho-

nian) where it reaches a maximum height of 57.5 mm(BM

LL1593). The Sediments are grain supported shelly oolites

containing a diverse gastropod and bivalve fauna, including

C. (Cc.) obscurus (Morris and Lycett, 1851-55). The species

is also quite common in the roughly contemporaneous Cal-

caire a Polypiers of Normandy and occurs in a coral bed in In-

dre with Spondylopecten (S.) palinurus and the 'coarse'

phenotype of Chlamys (Cb.) textoria (Cüssmann, 1907a;

J.-C. Fischer, 1964).

In the Oxfordian of Yorkshire large specimens of C. (Cc.)

clatbratus occur in the Malton Oolite (Plicatilis zone), reach-

ing a maximum height of 140 mm(YM 492D). The Sediments

are oolites, usually poorly fossiliferous, but locally contain-

ing coral debris and such bivalves as the 'coarse' phenotype of

Cb. (Cb.) textoria, Lima, Exogyra, Opis, Gervillia and

Tricbites, together with the gastropod Pseudomelania

(J. Wright, 1972). C. (Cc.) clatbratus is rare in contem-

poraneous oolites on the Dorset coast (Osmington Oolite) in

which coral debris is absent. The species is reported to be

common in reef and reef-derived Sediments in the Yonne

(Peron, 1905) and records from the Oxfordian of the Meuse

(Buvignier, 1852), Jura (de Loriol, 1894, 1904) and L. Sax-

ony (Roemfr, 1836) are from asimilarfacies,as may be records

from the Kimmeridgian of the Jura (Thurmann and Etallon,

1862). The author has collected a specimen from Kimmerid-

gian marls adjacent to pateh reefs at La Rochelle (Charente

Maritime).

Other records of C. (Cc.) clatbratus consist of small or in-

determinate numbers of specimens.

8. INTERPRETATION OF ECOLOGY

The usual occurrence of C. (Cc.) clatbratus in oolitic and

reefal deposits indicates a preference for environments of high

energy. The rarity of the species in the Callovian and Kim-

meridgian of northern and central Europe (see Section 5) and

throughout the M. and U. Jurassic in southern Europe (see

Section 6) can thus be viewed as a consequence of the wide-

spread development of low energy, clay-grade facies.

In the U. Jurassic of continental Europe thereis aclearcor-

relation between the distribution of coral reef facies and that
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of C. (Cc.) clathratus. Although the species occurs in oolites

in the Oxfordian of Yorkshire, the occasional presence of cor-

als and a reef-derived fauna may indicate that a substantial reef

existed nearby (J. Wright, 1972) and thusan association with

this facies for at least part of the life history cannot be ruled

out. The rarity of C. (Cc.) clathratus in contemporaneous

non-coralliferous oolites in Dorset is evidence that such Sedi-

ments alone could not induce colonisation of an area by C.

(Cc.) clathratus. There are however few grounds for invoking

the presence of unexposed reefs to explain the occurrence of

C. (Cc.) clathratus in Bathonian oolites at Minchinhampton,

although the recent discovery (Ager et al., 1973) of Isastrea

and Thamnastena should be noted. A clearer association

with corals, if not with coral reefs, is indicated by occurrences

in Normandv and Indre, and the presence in the latter area of

pectinids which were at least able to colonise reefs is worth

pointing out.

It can be summansed from the foregoing that there is a

strong correlation between the occurrence of C. (Cc.) clath-

ratus und coralhferous deposits and that numbers may be

highest in the vicinity of coral accumulations of reefal dimen-

sions. It could be that level bottom environments adjacent to

coral Stands were inhabited when byssal fixation to corals be-

came impossible in the later stages of ontogeny (see Sec-

tion 9).

Since C. (Cc.) clathratus occurs with a high diversity fauna

in, at most, moderate numbers, it was probably an equilib-

rium species (Levinton, 1970).

Other species of Camptonectes including the probable an-

cestor C. (Cc.) obscurus (q. v.) show little sign of having

competed with C. (Cc. i clathratus.

9. FUNCTIONALMORPHOLOGY

Since C. (Cc.) clathratus is in most morphological respects

identical to C. (Cc.) obscurus, a juvenile byssate followed by

an adult reclining mode of life can be similarly inferred. Cor-

als probably constituted the favourite site for byssal attach-

ment and oolites seem to have been preferred for the reclining

phase (see Section 8).

10. ORIGINS ANDEVOLUTION

The most likely ancestor for C. (Cc.) clathratus is C. (Cc.)

obscurus. Since the radially striate Ornament characteristic of

adult representatives of the former species is present in

juveniles of the latter trans-specific evolution could have been

largely brought about by the heterochromc retardation of

shape development with respect to size. As C. (Cc.) clath-

ratus first occurs within the geographic ränge of C. (Cc.)

obscurus the possibility of sympatric speciation cannot be en-

tirely ruled out. It may be that speciation followed after a few

individuals of C. (Cc.) obscurus switched to corals for

juvenile byssal attachment, whence disruptive selection and

establishment of a stable polymorphism ensued (cf. Tauber

and Tauber, 1977a, b).

Within C. (Cc.) clathratus there is a marked increase in

maximum height from the Bathonian (57.5 mm) to the Ox-

fordian (140 mm) although the paucity of intermediate rec-

ords precludes an assessment of wether or not this repre-

sents a gradual trend. Phyletic increase in size combined with

a neotenous origin are strong indicators of the prevalence of

'K' selection (Gould, 1977).

Genus EOPECTENDouville 1897

(Synonyms etc. Velata Quenstedt 1856 [non Griffith and

Pidgeon 1934, obj.]

Velopecten Philippi 1899 [pro Velata

Quenstedt 1856, non Velates Montfort

1810]

Velatopecten Rollier 1906 [nom. van.])

Type species. OD; Douville 1897, p. 203; Hinnites tuber-

culatus Goldfuss errore pro Spondylus tuberculosus

Goldfuss 1836, p. 93, pl. 105, fig. 2; Aalenian/Bajocian,

Swabia.

AMENDEDDIAGNOSIS

Medium sized to large, acline, more or less irregulär in out-

line at all stages of growth, some specimens irregularly puck-

ered or with allomorphic ornament; inequivalve, with LV
convex and RV flat or concave; left anterior wing large, indis-

tinctly demarcated, right anterior auricle elongate, deep sub-

auricular notch with ctenolium below it; posterior wing

rather small; RV with narrow, obtusely triangulär cardinal

area with deep, narrowly triangulär pit below beak corres-

ponding to resilium (same in LV); interior of RV in some

specimens with blunt oblique internal ridge originating near

resilifer; ornament of Striae and costae of varying strengths.

L. Jur. (Hettang.)-L. Cret. (Alb.), cosmop.

DISCUSSION

In hisdiagnosisHERTLEiN (1969: N373) implied that Eopec-

ten was cemented early in ontogeny. The present author can

find no positive evidence for this. The hinge characteristics of

the left valve, unknown to Hertlein, are now clear.

The immense variability within Eopecten, at least some of

which is demonstrably ecophenotypic (see p. 154), has re-

sulted in the designation ol a plethora of specific names by

typological authors. Rollier (1915) alone cites 51 species

from the Mesozoic of central W. Europe. Such numbers seem

highly improbable in the light of analyses of Recent com-

munities and with the evidently slow rate of species turnover

in the Pectinidae. However, it remains difficult to evaluate the

extent of ecophenotypic 'noise' in order to delineate true

species. An analysis along the lines adopted for Radulopecten

vagans (see Johnson, 1981) mightprove instructive although

sampling problems would undoubtedly be great. In the lack

of such an analysis the author has been forced to adopt a more

subjective approach.

Ornamental Variation in left valves appears to be distrib-

uted around three modal patterns, distinguished as follows:

1 . Ornament clearly differentiated into costae and Striae in

all but very large specimens.
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2. Intercalary costae rapidly gaining the same size as origi-

nal costae which are themselves of approximately equal

size.

3. Intercalary costae rapidly gaining the same size as origi-

nal costae but two of latter greatly enlarged and bearing

tubercles.

Since, at any one locality, there is a marked tendency for

only one of the modal patterns (and variants thereof) to be

present it may be that the modes themselves represent

ecophenotypic variants and that therefore all Jurassic Eopec-

ten should be placed in a single species. However, in the lack

of a Statistical analysis of ontogeny (see above) and of an adap-

tive reason for such ecophenotypic Variation it is preferred

herein to treat the three modes as being indicative of three

separate species (respectively E. velatus, E. spondyloides and

E. abjectus) and to assume that the mutual exclusion at any

one localitv is due to inter-specific competition.

There is some Suggestion, based on the number of costae

(see p. 152), that forms grouped around mode 1 may them-

selves be divisible into two groups. However, until separate

contemporaneous lineages can be demonstrated the author

prefers to attribute such differences as do exist to phyletic

evolution within a single species.

Due to the difficulties in defining Eopecten species at the

outset comprehensive descriptions or figures have to be avail-

able (in the absence or non-availability of type material) be-

fore a taxonomic species can be assigned to one of the above

groups. Consequently a number of rather poorly charac-

terised taxonomic species of Eopecten have had to be left out

of the synonymy lists pending examination of type material.

These include: in Goldfuss (1836), 'Hinnites' tenuistriatus

Munster; in Tietze (1872), 'H.' sublaevis; in Gemmellaro

and Di Blasi (1874), 'H. ' Waageni; in Gemmellaro (1878),

'/-/.' ctenopsides, 'H.' aracnoides; in Blaschke (1911),

'P.' kotoucensis; in Rhiiiir (1915), 'H '.' ('Prospondylus')

Greppim, 'H.' ('Pr.') ferrugineus, 'H.' ('Pr.') Dollfusi, 'H.'

('Pr.') Argoviensis, 'H.' ('Terquernia') Censoriensis; in Paris

and Richardson (1916), Eopecten doultingensis; in De Gre-

gorio (1922); 'Pecten' flexocostulatus.

Eopecten velatus (Goldfuss 1833)

PI. 5, Figs. 4, 5, 7, 8; text figs. 137-141

Synonymy
1833 Pecten velatus sp. nov; Goldfuss, p. 45, pl. 90,

fig. 2.

1S33 Pecten tumidus sp. nov; HARTMANNin V. ZlETFN,

p.68, pl. 52, fig. 1.

1836 Lima inaequistnata sp. nov; GOLDFUSS, p. 81,

pl. 114, fig. 10.

1836 Spondylus velatus sp. nov; GOLDFUSS, p. 94,

pl. 105, fig. 4.

v* 1850 Hinnites inaequistriatus sp. nov; D'ORBIGNY, v. 2,

P .22.

non 1853 Hinnites velatus (Goldfuss); MORRIS and L.Y-

CETT, p. 14, pl. 2, figs. 2, 2a.

v 1858 Pecten velatus GOLDFUSS; QuENSTEDT, p. 148,

pl. 18, fig. 26, p. 184, pl. 23, fig. 3.

1858 Pecten velatus albus subsp. nov; QUENSTEDT,

p. 628, pl. 78, fig. 3.

non 1862 Pecten velatus (Goldfuss); Thurmann and

ETALLON, p. 266, pl. 37, fig. 12.

1862 Hinnites inaequistriatus D'ORBIGNY; THURMANN
and ETALLON, p. 267, pl. 37, fig. 13.

1863 Hinnites Hautcoeun sp. nov; DOLLFUS, p. 86,

pl. 17, figs. 1,2.

non 1864 Hinnites velatus (GOLDFUSS); DUMORTIER, p. 70,

pl. 4, figs. 1-3.

1869 Hinnites Davaei sp. nov; DUMORTIER, p. 141,

pl. 21, figs. 9, 10.

1872 Hinnites inaequistriatus D'ORBIGNY; DE LORIOL

et al., p. 391, pl. 23, fig. 2.

1872 Hmmtes velatus (GOLDFUSS); TlETZE, p. 108,

pl. 3, fig. 2.

1874 Hmmtesvelatus (GOLDFUSS); DUMORTIER,p. 308,

pl. 62, figs. 3, 4 (non p. 195, pl. 43, fig. 6).

1874 Hinnites tburnianni sp. nov; BRAUNS, p. 343.

1874 Pecten bmnitiformis sp. nov; GEMMELLAROand

Dl BLASI, p.117, pl. 2, figs. 16-19.

1S75 Pecten hinmtiformis GEMMELLAROand Dl Blasi;

Gemmellaro, p. 49.

1876 Hmmtes tumidus (HARTMANN); Täte and BLAKE,

p.365.

1878 Hinnites astartinus GREPPIN; DE LORIOL, p. 163,

pl. 23, fig. 3.

1881a Hinnites inaequistriatus D'ORBIGNY; BüEHM,

p. 181, pl. 40, fig. 1.

1881a Hinnites gigas sp. nov; BOEHM, p. 182, pl. 40,

figs. 11, 12.

1881a Hmmtes subtilis sp. nov; BOEHM, p. 182, pl. 40,

fig. 4.

1883 Hmmtes cf. astartinus GREPPIN; BOEHM,p. 619,

pl. 68, figs. 7, 8.

non 1886d Hinnites velatus var. irgetus var. nov; De GREG-

ORIO, p. 20, pl. 13, figs. 1-6.

1886 Pleuronectites Aubryi sp. nov; DOUVILLE, p. 228,

pl. 12, fig. 3.

1903 Velopecten cf. astartinus (GREPPIN); REMES,

p. 207, pl. 19, fig. 13.

1903 Velopecten cf. inaequistriatus (D'ORBIGNY); REM-

ES, p. 207, pl. 20, fig. 1.

1904 Hinnites Bonjoun sp. nov; DE LORIOL, p. 231,

pl. 25, figs. 1,2.

1905 Hmmtes inaequistriatus (D'ORBIGNY); PERON,

p. 238.

1915 Hinnites (Prospondylus) Dumortien sp. nov;

Roilier, p. 452.

1915 Hmmtes (Prospondylus) Quenstedti sp. nov;

ROLLIER, p. 453.

1915 Hinnites (Prospondylus) Toaraensts sp. nov;

ROLLIER, p. 453.

1915 Hmmtes (Prospondylus) ammoniticus sp. nov;

ROLLIER, p. 461, pl. 30.

1915 Hinnites (Prospondylus) Orbignyi sp. nov; ROL-

LIER, p. 464.

1916 Eopecten Dumortien sp. nov; COSSMANN,pp. 48,

49, text figs. 1, 2.

non 1926 Velopecten velatus (GOLDFUSS); Arkell, p. 549,

pl. 34, fig. 6.

v 1926 Velopecten tumidus (HARTMANN); STAESCHE,

p. 117, pl. 4, fig. 7, pl. 5, fig. 4.

v 1926 Velopecten velatus (Goldfuss); Staesche, p. 122,

pl. 6, fig. 11.

1928 Velata velata (GOLDFUSS); Cox, p. 244.

1933 Velata inaequistnata (D'ORBIGNY); DIETRICH,

p. 67, pl. 8, fig. 129.

1935 Entoltum hauptsmoons sp. nov; KÜHN, p. 469,

pl. 18, figs. 2a-c.

1935b Velata velata (GOLDFUSS); Cox, p. 4, pl. I,

figs. 2, 3.

v 1936 Velata Bonjoun (DE LORIOL); DECHASEAUX,

p. 70, pl. 8, fig. 14.

1936 Velata Hettangiensis sp. nov; DECHASEAUX,p. 71

,

pl.9,fig. 1.
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1936 Velata tumidus (HARTMANN); KÜHN, p. 250,

pl. 11, fig. 2.

1939 Velata aubryi? (DOUVILLE); STEFANINI, p. 186,

pl. 20, figs. 10, ll.pl. 21, fig. 1.

1952 Eopecten aubryi (DOUVILLE); Cox, p. 52, pl. 6,

figs. 3, 4.

1965 Eopecten aubryi (DOUVILLE); Cox, p. 52, pl. 6,

figs. 3, 4.

1965 Eopecten thurmanm (BRAUNS); Cox, p. 53, pl. 6,

fig. 8.

1965 Eopecten äff. albus (QUENSTEDT); Cox, p. 54,

pl. 6, fig. 7.

non 1973 Chlamys (Velata) cfr. velata (GOLDFUSS); LEN-

TINI, p. 29, pl. 15, fig. 8.

Neotype of Pecten velatus Goldfuss, p. 45,

pl. 90, fig. 2 herein designated; GPIT
1592/2; PI. 5, Fig. 7 herein; L. Pliensbachian,

Eslingen, S. Germany.

Text fig. 137: Eopecten velatus - European distribution.

Text fig. 138: Eopecten velatus - World distribution (Pliensbachian reconstruction).

1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'Pecten testa obliqua ovato-orbiculari convexa, costis

linearibus distantibus (14) minoribus totidem intermediis

lineisque pluribus interstitialibus, lineis concentricis subtilis-

simus eonfertis, auriculis inaequalibus decussatim lineatis.

E montibus Herciniae et Palatinatus superioris. M.ß. M.

M.

Schief eiförmig-kreisrund, flach-convex, mit 14 linien-

förmigen Rippen, mit welchen eben so viel etwas niedrigere,

abgekürzte, abwechseln. Die Zwischenräume sind mit 2-3

feinen Linien ausgefüllt, und die ganze Fläche mit sehr zarten,

gedrängten, concentrisch Linien gegittert. Die ungleichen

Ohren haben ähnliche Rippen und Linien, und verlaufen

sanft ansteigend gegen die Höhe des Wirbels.

Findet sich bei Quedlinburg, Bayreuth und Amberg.'
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2. AMENDEDDIAGNOSIS

Distinguished from other species of Eopecten by the dif-

ferentiation of the Ornament on the left valve into costae and

Striae in all but very large specimens (e. g. BM65900; PI. 5,

Fig. 8).
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Text fig. 139: Eopecten velatus - height/length.

3. AMENDEDDESCRIPTION

Disc shape extremely variable, often irregulär (PL 5,

Fig. 4), generally longer than high (text fig. 139), maximum

height 1 10 mm(OUMJ 14501). Umbonal angle variable (text

fig. 1 40) usually increasing during ontogeny. Disc flanks low.
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Text fig. 140: Eopecten velatus - height/umbonal angle.

Approximately equilateral to markedly inequilateral; in-

equivalve, right valve usually flat, left valve low to high con-

vexity.

Intersinal distance greaterin left valve than right, very large

byssal notch with well developed ctenolium.

Auricles poorly demarcated from disc, variable in size,

usually large with anterior (text fig. 141) larger than post-

erior. All auricles meeting hinge line at about 90°. Anterior

auricle of left valve and both posterior auricles meeting disc at

an acute angle. Anterior auricle of right valve meeting disc at

an obtuse angle.

Right valve bearing a large number (< 150) of fine radial

Striae (PI. 5, Fig. 5). Ornament of left valve very variable,

usually comprising between 15 and 20 (ränge 5-28) original

radial costae (see Section 4) between each pair of which are

4-6 (ränge 2-8) fine radial Striae. Both costae and Striae of var-

iable height and often sinuous (PL 5, Figs. 4, 7, 8).

Shell thickness variable, left valve usually thicker than

right.

4. DISCUSSION

Specimens possessing the diagnostic features of Section 2

which have been described from the L. Jurassic have a

minimum of 14 ('Pecten' velatus Goldfuss) and a maximum

of 24 ('Humites' Davaei Dumortier) costae on the left valve.

Museum specimens of the same age usually possess between

15 and 20 costae. Specimens described from the U. Jurassic

may have as few as 5 ('H.' inaequistnatus d'Orbigny; de

Li >kiol et al.) or as many as 28 ('P.' velatus albus Quens-

ti dt) costae. Moreover the large number of specimens which

have been described with costal counts below the L. Jurassic

ränge (e. g. Eopecten thurmanni (Brauns); Cox with 8, Vel-

opecten cf. inaequistnatus (d'Orbigny); Remes with 10,

'P.' hinnitiformis Gemmellaro and Di Blasi with 10-12,

'H. ' cf. astartinus de Loriol; Boehmwith 12 and E. äff. al-

bus (Quenstedt); Cox with 13) indicates that the mean

number of costae may belessin U. compared with L. Jurassic
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Text fig. 141 : Eopecten velatus - anterior hinge length/height.
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samples. Specimens with costal counts within the L. Jurassic

ränge do however exist (e. g. 'H. ' astartinus Greppin; de

Loriol with 16, 'H.' cf. astartinus Greppin; Boehm with 17

and 'V. ' velatus (Goldfuss); Staeschi with 20) and in the ab-

sence of any evidence for a bimodal distribution suggest that

the increase in ränge and possible reduction in mean number

of costae is due to phyletic evolution within a Single hneage.

All forms possessing the diagnostic features of Section 2 are

thereforeincluded within the samespecies (seep. 150). Earlier

authors labelled many individual vanants of this species with a

name thus a large number of synonymous taxonomic species

have been generated. It seems futile to set down the

pecuhanties of each of these. Rather, those which are ade-

quately characterised such that, in the author's opinion,they

undoubtedlv fall within the ränge of Section 3, are placed in

synonymy and discussion is mainly limited to taxonomic

problems. A large number of inadequately described or

poorly illustrated secondary references to synonymous

species are excluded from the synonymy and are not taken

into consideration in subsequent sections. They may be

traced in Quenstedt (1843, 1852), Oppel (1853, 1858), Coq-

uand (1860), Trautschold (1861), Phillips (1871),

Neumayr (1871), Terquem and Piette (1865), Brauns (1871,

1874), Täte and Blake (1876), Boehm (1881), Alth (1882),

Roeder (1882), Simpson (1884), Kilian (1889), Botto-Micca

(1893), Behrendsen (1893), Moricke (1894), Greppin (1898),

Kilian and Guebhard (1905), Trauth (1909), Simionescu

(1898, 1910), Paris and Richardson (1916), Faure-Mar-

guerit (1920), Newton (1921), Blanchft (1923), Ernst

(1923), Roman (1926), Lanquine (1929), Arkell (1930a), Yin

(1931), Cox (1935a), Dechaseaux (1936), Parent (1940),

Rakus (1964), Behmel and Geyer (1966), Urlichs (1966),

Nitzopoulos (1974) and Yaviani (1975). Lfntini's (1973) re-

cord of 'Cblamys' ('Velata') cfr. velata (Goldfuss) appears

to be a misidentification of Cblamys (Ch.) textoria.

'Pecten' velatus Goldfuss and 'P.' tumidus Hartmann,

both described in 1833, appear to have equal claims to be the

senior synonym of the species described in Section 3. How-
ever, Cox (1928) has pointed out that 'P,' tumidus Hart-

mann is a junior primary homonym of 'P. ' tumidus Turton

(1 822) and is therefore not available. There is no trace of the

type material to 'Pecten' velatus in the Goldfuss Collections

of the BSPHGand GPIB. A neotype (GPIT 1592/2; PI. 5,

Fig. 7) is therefore herein designated. Goldfuss (1836) also

applied the name velatus to Spondylus buthis figureis clearly

of an Eopecten so this usage must be rejected as a junior sec-

ondary homonym. Cox (1965) raised Quenstedt's (1858)

subspecies 'P. ' velatus albus to specific rank to act as a re-

placement name for comparable U. Jurassic forms. How-
ever, this manoeuvre is rendered superfluous by the present

author's inclusion of both the 1833 and 1836 uses of velatus

Goldfuss within the same hypodigm. Perhaps as a reaction to

the evident taxonomic confusion a number of authors have

applied the name velatus as a blanket term to all Jurassic

Eopecten. Specimens so named in Morris and Lycett(1853),

Thurmann and Etallon (1862), Dumortier (1964), De Grf

gorio (1886d) and Arkell (1926) together with some of the

specimens (see Synonymy) so named in Dumortier (1874) are

clearly representative of E. spondyloides.

The name inaequistnatus presents a similar case to that of

velatus. Cox (1965) rejected 'H.' inaequistriatus d'Orbigny

(1850) as a junior secondary homonym of 'Lima' inaeqm-

stnata Goldfuss (1836) since both species in fact belong to

Eopecten. The specific name thurmanm Brauns was adopted

for forms similar to d'Orbigny's species. However, this man-

oeuvre is rendered unnecessary by the present author's inclu-

sion of d'Orbigny's and Goldfuss's species within the same

hypodigm. It should be noted that the 1 850 authorship of in-

aequistriatus should undoubtedly be credited to d'Orbigny

rather than to Voltz as de Loriol et al. (1872), Boehm

(1881), Remes (1903), Peron (1905) and Dietrich (1933) have

assumed. Voltz's use of the name exists only in an unavailable

manuscript form.

The original authorship of 'H. ' astartinus is that of Grep-

pin rather than de Loriol, as Boehm (1883) and Remes (1903)

have supposed, while the original authorship of 'P. ' tumidus

should be attributed to Hartmann rather than v. Zieten as

Täte and Blake (1876) have assumed.

Although they were not figured Rollier's (1915) species

'H.' ('Prospondylus') Quenstedti and 'H.' ('Pr.') Toarciensis

can confidently be placed in synonymy because they were

founded on specimens described in Quenstedt (1858) which

are clearly referable to E. velatus. The same can be said for

'H. ' ('Pr. ') Orbignyi and 'H. ' ('Pr. ') Dumortieri which were

based on specimens described in respectively Peron (1905)

and Dumortier (1864).

5. STRATIGRAPHIC RANGE

The earliest certain records of E. velatus are from the

Planorbis zone of the Rhone (Dumortier, 1 864) and the Het-

tangian of Belgium (Dechaseaux, 1936). A few specimens are

known from the Sinemurian of S. Germany (GPIT) and

thereafter the species is relatively common at most horizons

until the U. Toarcian. Aalenian records are limited to an inde-

terminate (probably small) number of specimens from the

Rhone (Dumortier, 1874) and a single specimen from the

E. Paris Basin (NM). Bajocian records are similarly limited to

indeterminate numbers of specimens from Ethiopia (Douvil-

le, 1916) and Somalia (Stefanini, 1939), two specimens from

N. Italy(BML61819, L6 1820) and one from S. England (BM

50552). The species is unknown from the Bathonian but is

recorded from the Callovian of NWIndia (Cox, 1952), E. Af-

nca (Cox, 1965), Portugal (BM LL30871) and N. England

(BM 47438). Unequivocal L. Oxfordian records are limited

to a small number of specimens from E. Africa (Cox, 1965)

but in the U. Oxfordian E. velatus occurs widely and is

common in the Yonne (Peron, 1905). Thereafter the species

occurs sporadically at most levels until the U. Tithonian

(Boehm, 1883; Remes, 1903).

6. GEOGRAPHICRANGE

InEuropeftext fig. 137) ZT. velatus isa widespread species.

The paucity of records from the M. Jurassic of Europe is

temporally correlated with the appearance of the species in

E. Africa and India (text fig. 138) and probably signifies a

migration along the southern shores of Tethys, perhaps as a

result of competitive exclusion by the common European

species, E. spondyloides (see Section 8) and E. abjectus.
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7. DESCRIPTION OF ECOLOGY

E. velatus is first recorded in any numbers from L. Pliens-

bachian clays, marls and limestones in S. Germany, where it

reaches a maximum height of 63 mm(GPIT). Insimilarfacies

in the Margaritatus zone (U. Pliensbachian) of the same area

the species attains a height of 64 mm(GPIT). However, in

chamosite oolites of the Banbury Ironstone (Spinatum zone) a

height of 1 10 mm(OUMJ 14501) is reached, although speci-

mens are rare (assoc. fauna p. 16). In the widespread

bituminous shale facies of the L. Toarcian E. velatus is simi-

larly rare but in the U. Toarcian marls and limestones of

S. Germany the species is relatively common, reaching a max-

imum height of 4 1 mm(GPIT). The associated fauna consists

mainly of ammonites and belemmtes. An isolated specimen

from the Toarcian of France (BM 65900) reaches a height of

75 mmwhile in the M. Jurassic, when E. velatus is rare in

Europe, a specimen from the Aalenian of France (NM) attains

a height of 101 mm.

In the U. Oxfordian £. velatus is reported to occur com-

monly in reef limestones in the Yonne (Pfron, 1905) where

E. spondyloides seems to be rare (assoc. fauna p. 88). It also

occurs in similar facies in the Jura, reaching a maximum
height of 70 mm(de Loriol, 1904) but is rare in the U. Ox-

fordian of England where E. spondyloides is common. In the

Kimmcridgian E. velatus is found sporadically in the faun-

ally depauperate marls and limestones of Switzerland

(de Loriol, 1878) and S. Germany (Staesche, 1926) where it

reaches a maximum height of 75 mm (GPIT). In the

L. Tithonian E. velatus returns to reef facies in Sicily (Gem-

mellaro and Di Blasi, 1874; Gemmellaro, 1875) where,

however, E. spondyloides is a much more abundant species.

In the U. Tithonian E. velatus appears to be common in the

Stramberg coral reef (assoc. fauna p. 88) reaching a max-

imum height of 84 mm(Boehm, 1883; Remes, 1903).

The great majority of museumspecimens are left valves and

those from argillaceous horizons such as the U. Toarcian and

Kimmeridgian (e. g. OUMJ33475, BMunnumbered, GPIT)

often show xenomorphic Ornament derived from ammonites

(PI. 5, Fig. 4). Apart from those cases discussed above

E. velatus is an mfrequent species.

8. INTERPRETATIONOF ECOLOGY

It is apparent from Section 7 that throughout most of its

ränge E. velatus was an inhabitant of argillaceous facies. In

some cases the soupy Substrates characteristic of such facies

seem to have been avoided by means of fixation to the hard

shells of ammonites. However, far from all specimens show

evidence for such a mode of life. Moreover, E. velatus is con-

spicuously rare in argillaceous deposits such as occur in the

U. Jurassic of the peri-Mediterranean region and the

L. Toarcian of N. Europe where ammonites are abundant

but benthos is very sparse. Attachment to the living pelagic

ammonite therefore seems improbable and it is more likelv

that some benthic element, probably bivalves, constituted the

usual attachment site while dead ammonite shells resting on

the sea floor provided an acceptable, if not ideal, alternative

where benthos was restricted (e. g. U. Toarcian and Kim-

meridgian marls and limestones). Viewed in these terms the

abundance of E. velatus in some reefs can be seen as a re-

sponse to the abundance of hard bodied benthic elements (in-

cluding bivalves) providing numerous suitable attachment

sites. The absence or rarity of the species in other coralliferous

horizons (e. g. U. Oxfordian of England, L. Tithonian of

Sicily) is correlated with the presence of numerous E. spon-

dyloides and is therefore suggestive of a competitive reaction

(see Section 6). There seems to be no definite correlation be-

tween facies type and the maximum size of E. velatus.

Irregularly shaped Recent morphological analogues of

E. velatus include Pedum spondyloideum, a species which

lives byssally attached deep within coral heads (Yonge, 1967;

Waller, 1972b), and Hinnites multirugosus, a species which

cements its right valve to rocks and other bivalves (Yonge,

1951).

9. FUNCTIONALMORPHOLOGY

The extremely large byssal notch of E. velatus implies that

byssal fixation could have been maintained throughout on-

togeny . The reduced ornamentation of the right valve is adap-

tive for tight byssal fixation and the general irregularity of

shape, occasional presence of undoubted xenomorphic orna-

ment.and restriction of serpulid encrustation to the left valve

indicates that the right valve was indeed closely applied to the

Substrate for long periods. The variability of shell form led

many earlier authors to presume a cemented mode of life simi-

lar to that of Hinnites, to which genus the species was thus as-

signed (see Synonymy). The paucity of right valves also seems

to argue for this hypothesis. However, Cox ( 1 942) in a survey

of Eopecten right valves, including those of E. velatus, was

unable to find positive evidence of cementation. Moreover,

A. Seilacher (pers. comm., 1977) has observed discon-

tinuities in the pattern of xenomorphic Ornament derived

from ammonites which imply movement of the shell. Thus

tight fixation must have been effected solely by a renewable

byssus rather than by a byssus and a permanent cement. The

rarity of right valves may be explained by their relative thin-

ness and increased susceptibihty to breakage.

Pedum spondyloideum and crevice-dwelhng individuals of

Hinnites multirugosus (see Section 8) show ventral migration

of the hinge line as an adaptation to living in confined Spaces

where both valves make contact with the Substrate upon gap-

ing. This feature has not been observed in E. velatus so it

would seem that the species did not occupy such mi-

crohabitats. Due to the considerable height attained (84 mm),

it is doubtful whether £. velatus could have been byssally

supported from above in reef facies. In the lack of evidence for

crevice/fissure dwelhng it would appear that the species must

have attached to roughly horizontal upward-facing surfaces.

10. ORIGINS AND EVOLUTION

Since E. velatus is first recorded from the Planorbis zone

its origins probably lie in the Trias. Staesche (1926) con-

sidered that Cblamys dispar (? = Ch. (Cb.) valoniensis q. v.)

was ancestral but Dechasfaux (1936) has pointed out that the

Trias species 'Pecten' Morrissii and 'P.' Albertn are very

similar to Eopecten and these represent a more plausible root

stock.

E. velatus apparentlv undergoes a phyletic increase in

ränge and reduction in mean number of costae in the passage
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from L. to U. Jurassic (see Section 4). Maximum height fol-

lows an oscillatory course in the passage from L. Pliens-

bachian (63 mm) to U. Pliensbachian (110 mm) to Toarcian

(75 mm) to Aalenian (101 mm) to Oxfordian (70 mm) to

Kimmeridgian (75 mm) to Tithonian (84 mm).

Eopecten spondyloides (Roemer 1836)

PI. 5, Figs. 9-14, PI. 6, Figs. 2, 4, 7, ?Fig. 1; text figs. 142-144

Synonymy

1822 Ostrea ?; YOUNGand BlRD, pl. 10, fig. 3.

pv*? 1836 Spondylus tuberculosus sp. nov; GOLDFUSS,p. 93,

pl. 105, figs. 2a, 2b.

1836 Avicula spondyloides sp. nov; ROEMER, p. 87,

pl. 13, figs. 14a, 14b.

1850 Avicula Jason sp. nov; D'Orbigny, v. 1, p. 313

(BOULE, 1912, v. 7, p. 161, pl. 2, figs. 17-19).

1850 Avicula janthe sp. nov; D'ORBIGNY, v. 1, p. 313

(BOULE, 1912, v. 7, p. 162, pl. 1, figs. 47, 4S).

1850 Hmnites Psyche sp. nov; D'ORBIGNY, v. 1, p. 314

(BOULE, 1912, v. 7, p. 165).

v* 1850 Hinnites Pamphilus sp. nov; D'ORBIGNY, v. 1,

p.342(B0ULE, 1925, v. 14, p. 161, pl. 20, fig. 14).

v* 1850 Hinnites Pamscus sp. nov; D'ORBIGNY, v. l,p. 342

(BOULE, 1925, v. 14, p. 161, pl. 20, fig. 13).

1853 Hinnites velatus (GOLDFUSS); MORRIS and L.Y-

CETT, p. 14, pl. 2, figs. 2, 2a (non GOLDFUSSsp.).

1853 Hinnites tegulatus sp. nov; MORRISand LYCETT,

p. 14, pl. 2, figs. 3, 3a.

1 855 Hinnites abjectus (PHILLIPS); MORRISand LYCETT,

p. 125, pl. 14, fig. 3 (non PHILLIPS sp., non pl. 9,

fig. 7).

1858 Pecten tuberculosus Gingensis subsp. nov; QuEN
STEDT, p. 379, pl. 51, fig. 4 (PGOLDFUSSsp.).

non 1858 Pecten tuberculosus (GOLDFUSS); QUENSTEDT,

p.434, pl. 59, figs. 9, 10.

1859 Pecten Parisoti sp. nov; CONTEJEAN, p. 313,

pl. 23, figs. 19-21.

1862 Hmnites velatus (GOLDFUSS); THURMANNand

ETALLON, p. 266, pl. 37, fig. 12 (non GOLDFUSS

s P .).

v* 1863 Hinnites fallax sp. nov; DOLLFUS, p. 85, pl. 15,

fig. 14, pl. 16, figs. 9, 10.

1864 Hinnites velatus (GOLDFUSS); Dumortier, p. 70,

pl. 4, figs. 1-3 ( non GOLDFUSSsp.).

1867 Hinnites Gingensis (QUENSTEDT); WAAGEN,

p. 633, pl. 31, figs. la, lb, 2a, 2b.

1872 Hinnites fallax DOLLFUS;DELORIOLet al.,p.394,

pl. 23, fig. 3.

1872 Hmnites Comueli sp. nov; DE LORIOL in DE LO-

RIOL et ab, p. 395, pl. 23, fig. 4.

1874 Hinnites velatus (Goldfuss);Dumortier, p. 195,

pl. 43, fig. 6(nonGOLDFUSSsp.;nonp. 308, pl. 62,

figs. 3,4.).

1875 Hinnites Lonoli sp. nov; GEMMELLARO,p. 63,

pl. 7, fig. 2.

1886d Hinnites velatus var. irgetus var. nov; Df Greg-

ORIO, p. 20, pl. 13, figs. 1-6 (non GOLDFUSSsp.).

1888 Hinnites clathratus sp. nov; SCHLIPPE, p. 136,

pl- 2, fig. 2.

1893 Hinnites Cornueli DE LORIOL; DE LORIOL and

Lambert, p. 145, pl. 10, figs. 10, 11.

1893 Hmnites'' spondyloides (ROEMER); DE LORIOL,

p. 314, pl. 33, figs. 9, 10.

1893 Hinnites} Lepidus sp. nov; DE LORIOL, p. 316,

pl. 33, figs. 11, 12.

1898 Pecten (Velopecten) Sartbensis sp. nov; E. PHIL-

IPPI, p. 602, pl. 19, fig. 1.

1905 Hinnites Comueli DE Loriol; Peron, p. 239,

pl. 10, fig. 11.

1905 Hinnites cf. spondyloides (ROEMER); PERON,

p. 240, pl. 10, fig. 12.

1906 Eopecten tegulata (MORRIS and LYCETT); COSS-

MANN, p. 2, pl. 1, figs. 3-5.

1912 Eopecten Psyche (D'Orbigny); Dal Piaz, p. 247,

pl. 2, figs. la, lb.

1915 Hinnites (Prospondylus) Emu sp. nov; ROLL1ER,

pp. 448, 465, pl. 30, figs. 1-4.

1915 Hinnites (Prospondylus) oolithicus sp. nov; ROL-

LIER, p. 455.

1915 Hinnites (Prospondylus) Morrisi sp. nov; ROLLIER,

p.455.

1915 Hmnites (Prospondylus) Peroni sp. nov; ROLLIER,

p. 460.

1915 Hinnites (Prospondylus) astartmus sp. nov; ROL-

LIER, p. 462.

1915 Hmnites (Prospondylus) Aeberhardti sp. nov;

Rollier, p. 447, pl. 29, figs. 3, 4.

1923 Pecten (Velata) sp. nov; Ernst, p. 60, pl. 1, fig. 12.

1923 Eopecten tuberculosus (GOLDFUSS); LlSSAJOUS,

p. 157(?GOLDFUSSsp.).

1926 Velopecten Gingensis (QUENSTEDT); Staesche,

P . 120.

v 1926 Velopecten Jason (D'Orbigny); Staesche, p. 121,

pl. 5, fig. 3, pl. 6, fig. 12.

v 1926 Velopecten spondyloides (ROEMER); STAESCHE,

p. 124, pl. 6, fig. 10.

1926 Velopecten velatus (GOLDFUSS); ARKELL, p. 549,

pl. 34, fig. 6 (non GOLDFUSSsp.).

v 11 1931a Velata anglica sp. nov; ARKELL, p. 120, pl. 9,

figs. 1, la, 2.

1931a Velata wiltomensis sp. nov; ARKELL, p. 123, pl. 9,

figs. 3, 3a.

non 1936 Velata tuberculosa (GOLDFUSS); DECHASEAUX,

p. 6S, pl. 9, fig. 2.

1936 Velata Gingensis (QUENSTEDT); DECHASEAUX,

p. 68.

1936 Velata Cornueli (DE LORIOL); DECHASEAUX,

p. 70.

1936 Velata fallax (DOLLFUS); DECHASEAUX,p. 71

.

1948 Velata tegulata (Morris and LYCETT); Cox and

ARKELL, p. 15.

1952 Eopecten tegulatus (MORRIS and LYCETT); COX,

p. 29, pl. 3, figs. 5-7.

The type material of Avicula spondyloides

Roemer, 1836, p. 87, pl. 13, figs. 14a, 14b is

probably in the RoEMER-PELiZAEUS-Museum,

Hildesheim, W. Germany. It was derived

from the Oxfordian of N. Germany.

1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'A. valva dextra oblique ovato-orbiculari fornicata 20-30

costulata, ala antica obsoleta postica depressa permagna cos-

tulata, costulis subnodulosis, sulcis interstitialibus linea or-

natis.

Die allein vorliegende rechte Sehale ist breit-eirund, fast

kreisrund, hoch gewölbt und hinten durch starke Nieder-

biegung in einen großen Flügel übergehend. Die ganze

Oberfläche ist mit 20 bis 30 scharfen, etwas knotigen Rippen

bedeckt, in deren Zwischenräumen man eine deutliche Längs-

linie bemerkt. Der etwas zugespitzte Buckel liegt ziemlich in

der Mitte.

Findet sich 12 bis 18 Linien groß im unteren Coral rag bei

Heersum und im mittleren Coral Rag bei Hannover. Die Gat-
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tungskennzeichen haben noch nicht genau untersucht werden

können.'

2. AMENDEDD1AGNOSIS

Distingusihed from E. velatus by the tendency, on the left

valve, for intercalary costae to rapidly gain the same height as

Originals. Distinguished from E. abjectus by the similarity in

height of the original costae.
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Text fig. 142: Eopecten spondyloides - anterior hinge

length/height.

3. AMENDEDDESCRIPTION

Essentially very similar to E. velatus in its often irregulär

shape (e. g. PL 5, Fig. 10) and variable H/L and AH/H (text

figs. 143, 142). Themain difference lies in the radial Ornament

of the left valve which consists of about 20 original costae

which are continually added to by the intercalation of new

costae (rapidly gaining the same height as Originals) such that

at H : 1 there are between 22 (OUMJ34325) and 32 (YM 679)

costae, at H: 20 between 30 (OUMJ34325) and 48 (YM 679)

costae, at H: 30 between 40 (YM 442) and 56 (OUMJ34325)

costae, at H: 50-60 over 100 costae (Arkell, 1931a) andsoon.

The left valve of E. spondyloides also exhibits small, closely

spaced imbricate lamellae on the costae unhke the left valve of

E. velatus which bears only growth hnes in addition to the

costae.

The maximum height of E. spondyloides is 140 mm
(Waagen, 1867).

4. DISCUSSION

As in E. velatus the extreme variability in shape and Orna-

ment of the species described in Section 3 has resulted in the

proliferation of a vast number of specific names, in many cases

based on a very small number of specunens. Those species

which are, in the author's opinion, adequately characterised

(by means of available types, clear lllustrations or detailed de-

scriptions) such that there can be no doubt as to their affinity

with the species described in Section 3, are placed in

synonymy but not discussed, lt being deemed of little value to

attempt to describe individual variants. Secondary references

to these species are only included in the synonymy where

there can be no doubt as to their systematic position.

Equivocal secondary references may be traced in Terquem and

Jourdy (1869), de Loriol and Pellat (1875), Siemiradzki

(1893), Cossmann (1900, 1907a, 1914, 1922), Paris and

Richardson (1916), Lissajous (1923), Lanquine (1929), De-

chaseaux (1936), J.-C. Fischer (1964) and Behmel and Geyer

(1966).

Although the author has been unable to examine the

holotype (M) of 'Avicula' spondyloides Roemer there can be

little doubt from the illustration that it is an example of the

species described in Section 3. The holotype (M) of Spon-

dylus tuberculosus Goldeuss (BSPHG AS VII 640; PI. 6,

Fig. 1 ), a species erected in the same year as Roemer's, shows

some resemblance to the species described in Section 3 but its

rather coarse ornament and high convexity suggest that it is in

fact an example of Eopecten abjectus. As the earliest specific

natne erected for an undoubted example of the species de-

scribed above, '.4.' spondyloides is herein taken to be the

senior synonym.

Quenstedt (1858; 'Pecten' tuberculosus Gingensis only)

and Lissajous (1923) have used Goldfuss' specific name for

examples of Eopecten spondyloides; 'Pecten' tuberculosus

(Goldfuss); Quenstedt is representative of £. abjectus while

'Velata' tuberculosa (Goldfuss); Dechaseaux is apparently

an example of Ctenostreon.

The frequent misapplication of the name velatus Goldfuss

to E. spondyloides (see Synonymy) is discussed under

E. velatus and Morris and Lycett's (1853) incorrect use of

'Htnnites' abjectus (Phillips) is discussed under E. abjectus.

'H. ' ('Prospondylus') astartinus Rollier should be rejected

as a junior secondary homonym of 'H. ' astartinus Greppin

(= E. velatus).
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Text fig. 143: Eopecten spondyloides - height/length.
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Although unfigured and inadequately described, Rollier's

(1915) species 'H. ' ('Pr. ') oolithkus, 'H. ' ('Pr. ') Morrisi, 'H.

'

('Pr.') Peroni and 'H.' ('Pr.') astartinus are based on speci-

mens figured in respectively Morris and Lycett(1853, 1855),

Peron (1905) and de Loriol and Lambert (1893) which are

clearly referable to E. spondyloides.

5. STRATIGRAPHIC RANGE

Two rather poor specimens from the Sinemurian of Bel-

gium (BM LL8605, LL8606) may be early representatives of

E. spondyloides. The first certain records are however from

the L. Toarcian when the species is recorded rarely from the

Rhone basin (Dumortier, 1874). De Gregorio's (1886d)

record fromN. Haly may be from asimilarhorizon. U. Toar-

cian records are limited to a single specimen from N. W.
Germany (Ernst, 1923) but in the Aalenian a number of

specimens are known from France and England. E. spon-

dyloides is quite common in the Bajocian and Bathonian but

the only records from the Callovian are two specimens from

France (MNO 3402B, 3403) and seven from N. W. India

(Cox, 1952). The species becomes common again in the Ox-

fordian but Kimmendgian reports, although widespread,

seem, where abundances are known, to be of very small num-

bers of specimens, e. g. in France, two from Le Havre (BM

LL13478; ENSML336, PI. 6, Fig. 2), one from Montbeliard

(Contejean, 1859) and one from La Rochelle (N. J. Morris

Collection, BM). The species is reported to be common in the

L. Tithonian of Sicily (Gemmellaro, 1875) and is known

from the Tithonian of S. Germany (Staesche, 1926) and

Stramberg in Czechoslovakia (BM LL23888; PI. 6, Fig. 4).

6. GEOGRAPHICRANGE

E. spondyloides occurs widely in Europe (text fig. 144).

Outside Europe, the only record is from the Callovian of N.

W. India (see Section 5). This occurrence, matched with the

rarity of the species in the Callovian of Europe, may signify an

emigration, perhaps because of the widespread development

of unfavourable argillaceous facies (see Section 8).

7. DESCRIPTION OF ECOLOGY

Although fairly widespread in the Aalenian E. spon-

dyloides is notably rare in the chamositic oolites of the North-

ampton Sand Ironstone, in which E. abjectus frequently oc-

curs. Only three specimens (BM 82394, L25732, unnum-

bered; the first attaining a height of 63 mm) are known from

this horizon.

E. spondyloides is round at most levels in the Bajocian but is

most common in the L. Bajocian Lincolnshire Limestone and

the Sowerbyi-Banke of S. W. Germany (Staesche, 1926),

where it reaches a maximum height of 140 mm(Waagen,

1867). The Sediments in the latter case are Condensed marly

oolites contaimng few ammonites but a diverse benthic fauna,

mainly consisting of bivalves (including occasional examples

of E. abjectus).

Many levels were colonised in the Bathonian (Cox and Ar

kell, 1948) but the species seems to be commonest in the

L. Bathonian Minchinhampton Beds, grain supported oolites

containing a diverse bivalve and gastropod fauna but very few

ammonites (Morris and Lycett, 1851-55). The maximum
height attained is 49 mm(BM LL847). Two specimens (BM
65909, 65913) are known from coral containing beds

(Couches ä Polypiers) in the Bathonian of Normandy.

In the Oxfordian E. spondyloides is quite commonat most

horizons and reaches a maximum height of 116 mm(OUM
J8255). The author has collected numerous examples (reach-

ing a maximum height of about 75 mm) from the Coral Rag

(Transversarium zone) of Whitewall Corner Quarry near

Malton, Yorkshire, where the species occurs in a tough porcel-

lanous limestone crowded with corals (Thamnastena, Rhab-

dopbyllia, Thecosmilia and Stylina) and a reef-derived fauna

including Ctenostreon, Lkhophaga and the 'coarse'

phenotype of Chlamys (Cb.) textoria together with the regu-

lär echinoid Cidaris (J. Wright, 1972). E. velatus is un-

known. Similar facies charactense occurrences in the Unterer

Korallenoolith (Plicatilis zone) of N. W. Germany (Roemer,

1836) and the Ringstead Coral Bed (Pseudocordata zone) in

Dorset (BM 73077). However, in coral reef facies in the

Text fig. 144: Eopecten spondyloides - European distribution.
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U. Oxfordian of the Yonne where E. velatus is common,

E. spondyloides appears to be rare.

In the Kimmeridgian the maximum height of 92 mm
(ENSM L336) is attained in clay facies (Dollfus, 1863).

However, the majority of reports seem to be from corallifer-

ous deposits, e. g. the Tafel Jura (Contejean, 1859),

Haute-Marne (de Loriol et al., 1872) and Charente

Maritime (N. J. Morris Collection, BM).

In reefal limestones in the L. Tithonian of Sicily (fauna p.

88) E. spondyloides is reported to be very common, reach-

ing a maximum height of 71 mm, while F.. velatus appears to

be comparatively rare (Gemmellaro, 1875). In similar facies

in the U. Tithonian at Stramberg E. velatus seems to be

commonbut only one definite specimen of E. spondyloides is

known (BM LL23888; H: 46.5). Staesche (1926) records the

species from oolites (Brenztaloolith) of the same age in

S. Germany which pass laterally into coral/Diceras facies

(Ark.hl, 1956).

E. spondyloides is rare in argillaceous deposits at all times.

Only twospeeimens (BM LL 13478, ENSML336) are known

from the Kimmeridge Clav and two from the Oxford Clay

(SM J26440, J6441). Dumortier (1874) records only rare

speeimens from L. Toarcian clays in the Rhone. Of these a

high proportion are said to bear xenomorphic Ornament de-

rived from ammonites. The only records from the M. and

U. Jurassic of the peri-Mediterranean area, where Sedimenta-

tion was predominantly pelagic, are from N. Italy (Di Gri

GORIO, 1886d, Dai Pia/, 1912) where aguyot was probably in

existence.

The great majority of museum speeimens of E. spon-

dyloides are left valves.

8. INTERPRETATION OF ECOLOGY

The usual oecurrence of E. spondyloides in oohtic and

reefal limestones indicates a preference for high energv condi-

tions. Absence of the species from L. Bajocian reefs in the

E. Paris Basin (Hai i am, 1975b), presence of a few speeimens

in Bathonian eoralliferous deposits and relative abundance in

U. Jurassic coral reefs suggests an evolutionary change in the

favoured habitat from level bottom oolites to upstanding

reefs. In this connection it should, however, be noted that

Spondylopecten species, which arefrequently reef-associated,

are absent from the L. Bajocian struetures and this mav indi-

cate that the lack of E. spondyloides is due to some unfavour-

able feature of these reefs (e. g. dense strueture, see p. 89)

rather than a preference for contemporaneous oolites. Furth-

ermore, the widespread oecurrence of E. spondyloides in the

Oxfordian of England and the typically small size and

localised distribution of coral reefs suggests that at least some

records bear no relation to the existence of reefs. Moreover,

the virtual restriction of the species to reef and reef-derived

sedunents in the U. Jurassic of continent.il Europe may sim-

ply be a result ot the general development of unfavourable low

energy, argillaceous facies elsewhere. Epifaunal bivalves

probably afforded suitable attachment sites in level bottom

environments and the abundance of E. spondyloides in reefs

could be more a consequence of the abundance of bivalves

rather than of a direct relationship with corals. The evolution-

ary trend suggested above may therefore be more apparent

than real.

Although a high proportion of the relatively few examples

of E. spondyloides from the L. Toarcian of the Rhone show

evidence of having been attached to ammonites, the abun-

dance of the species in deposits in which ammonites are rare

and the fact that only two other speeimens (YM 442 from the

Inferior Oolite of Dorset, GPIT from the Bajocian/Batho-

nian of S. Germany) with ammonite-denved xenomorphic

ornament are known, indicates that ammonites did not pro-

vide ideal attachment Sites but constituted a considerably less

favourable alternative to bivalves. By analogy with E. velatus

it is probable that ammonites were only used for attachment

when they had sunk to the sea floor after death.

The inverse relationship between the numbers of E. spon-

dyloides and E. velatus in U. Jurassic reefs is good evidence

for competition. The dominent species at any one locality was

presumably determined by priority. A similar reaction seems

to haveoecurred between E. spondyloides and E. abjeetus in

M. Jurassic oolites.

There is no obvious relationship between size and facies in

E. spondyloides. Its usual oecurrence, in moderate numbers

with a high diversity fauna, suggests that it was an equihbrium

species (Levinton, 1970).

9. FUNCTIONALMORPHOLOGY

Since in all important morphological respects E. spon-

dyloides is identical to E. velatus the Interpretation of func-

tional morphology offered for the latter will serve here.

10. ORIGINS ANDEVOLUTION

The most likelv ancestor for £. spondyloides is E. velatus.

A large (H: 75) speeimen of the latter (PI. 5, Fig. 8) exhibits,

in late ontogeny, ornament which closely resembles that of

the early ontogeny of E. spondyloides. Thus trans-speeifie

evolution could have oecurred by the relatively 'simple' pro-

cess (Gould, 1977) of the acceleration (recapitulation) of the

development of ornament with respect to size.

There are no directional changes in morphology within

E. spondyloides. Maximum height oscillates from 63 mm
(Aalenian) to 140 mm(Bajocian) to 49 mm(Bathonian) to

55 mm (Callovian, Macrocephalus zone; Cox, 1952) to

116 mm(Oxfordian) to 92 mm(Kimmeridgian) to 71 mm
(Tithonian). The Callovian value is derived from a rather

small sample so it is likelv that the maximum height recorded

in the stage will be increased on further collecting.

Eopecten abjeetus (Phillips 1829)

PI. 6, Figs. 3, 5, 6, 8, 9, ?Fig. 1 ; text fig. 145

Synonymy
1829 Pecten abjeetus sp. nov; Phillips, pl. 9, fig. 37.

1835 Peeten abjeetus PHILLIPS; PHILLIPS, pl. 9, fig. 37.

pv"? 1836 Spondylus tubereulosus sp. nov; Goldfuss, p. 93,

pl. 105, figs. 2a, 2b.

1 855 Hinnaes abjeetus (PHILLIPS); MORRISand LYCETT,

p. 125, pl. 9, fig. 7 (non pl. 14, fig. 3).

non 1858 Pecten tubereulosus Gingensis subsp. nov; QUEN-

STEDT, p. 379, pl. 51, fig. 4 (?GOLDFUSSsp.).
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v 1858 Pecten tuberculosus (GOLDFUSS); QUENSTEDT,

p.434, pl. 59, figs. 9, 10.

1863 Hmnites gradus sp. nov; Bean in LYCETT, p. 35,

pl. 33, figs. 10, 10a.

1883 Hinnites abjectus (PHILLIPS); DE Loriol and

SCHARDT,p. 72, pl. 10, figs. 12, 13.

1910 Eopecten gradus (Bean); LlSSAJOUS, p. 351.

1910 Eopecten abjectus (PHILLIPS); LlSSAJOUS, p. 351,

pl. 9, fig. 14.

1916 Eopecten abjectus (PHILLIPS); PARIS and RlCHARD-

SON, p. 530.

1923 Eopecten Gradus (Bean); Lissajous, p. 157.

non 1923 Eopecten tuberculosus (GOLDFUSS); LlSSAJOUS,

p. 157(?GOLDFUSSsp.).

1926 Velopecten abjectus (PHILLIPS); STAESCHE, p. 1 19.

1936 Velata abjecta (PHILLIPS); DECHASEAUX,p. 68.

1936 Velata gradus (Bean); DECHASEAUX,p. 69.

1948 Velata gradus (BEAN); Cox and ARKELL, p. 15.

No trace of the type material of Pecten

abjectus Phillips 1829, pl. 9, fig. 37 has yet

been found despite considerable searching in

e. g. the Phillips Collections at OUMand

YM. The figured specimen was said by

Phillips to be from the Yorkshire Gt. Oolite

(Bathonian). This seems unlikely in view of

the non-marine facies; a Bajocian or Aalenian

age is more probable.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

None given.

2. DIAGNOSIS

Distinguished from E. spondyloides by the tendency for

two median costae to be considerably larger and bear tuber-

cles. Distinguished from E. velatus by the tendency for in-

tercalary costae to rapidly gain the same height as original cos-

tae.

3. DESCRIPTION

Essentially very similar to E. spondyloides apart from the

diagnostic features. The number of costae on the left valve is

however usually much smaller (e. g. 40 at H: 53.5, OUM
J2291) at equivalent size,and convexity, although very vari-

able, is usually much higher (C L : 21.5 at H; 58, BM70686).

The maximum height is 127.5 mm(GPIT).

4. DISCUSSION

Phillips' (1829) figure of 'Pecten' abjectus in the first edi-

tion of Geology of Yorkshire is a poor illustration of a

coarsely ornamented Eopecten. There is little sign of the

larger tubercle-bearing costae diagnostic of the species de-

scribed in Section 3. The figure in the second edition (1835),

while undoubtedly of the same specimen, is considerably

clearer and yields a costal count of 36 at H: 37. This is a

reasonable value for the species described in Section 3 and

well below the lower hmit of Variation in E. spondyloides, the

only species with which there is any possibility of confusion.

The original specimen seems to have been lost (see above) but

in the hght of the above evidence it can be assumed to have

been a variant of the species described in Section 3 with rela-

tively undeveloped median costae. The majority of subse-

quent usage of Phillips' specific name (see Synonymy) has

been for representatives of the species described in Section 3

thus there would be good grounds for designating as neotype

a typical example of this species.

One of the figures (pl. 14, fig. 3) of 'H. ' abjectus in Mor
ris and Lycett (1855) depicts a specimen with the more

numerous and regulär costae charactenstic of E. spon-

dyloides.

Lissajous (1910) states that the specific name gradus Bean

dates from the latter's paper in Ann. Mag. Nat. Hist.

(1839). However, there is no reference to the species in this

paper and the earliest reference to it would therefore appear to

be in Lycett (1863), where a specimen which clearly belongs

to E. abjectus, is described and figured as 'P.' gradus Bean.

'Spondylus' tuberculosus Goldfuss and secondary usages of

this specific name are discussed under E. spondyloides.

Inadequately characterised secondary references to

synonymous species are excluded from the synonymy be-

cause of the possibility of misapplication to E. spondyloides.

Text fig. 145: Eopecten abjectus - European distribution.
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They may be traced in Opel (1858), Rothpletz (1886),

Schlippe (1888), Kilian and Guebhard (1905), Hennig

(1924), Lanquine (1929), Parent (1940), Channon (1950)

and J.-C. Fischer (1969).

5. STRATIGRAPHIC RANGE

A single specimen from the U. Pliensbachian of Yorkshire

(BM 47353; PL 6, Fig. 9) is the earliest record of E. abjectus.

Thereafter the species is unknown until the Aalenian when it

becomes locally quite common, continuing thus until the

U. Baiocian. Unequivocal Bathonian records (Morris and

Lycett, 1855; de Loriol andScHARDT, 1883; Lissajous, 1923;

Staesche, 1926; Dechaseaux, 1936; Cox and Arkell, 1948)

are fairly widespread in Europe but the species does not ap-

pear to be common anywhere. Callovian records are limited

to a single specimen from the Macrocephalus zone of Scar-

borough (Lycett, 1863) and unfigured and therefore ques-

tionable specimens (see Section 4) from the Maritime Alps

(Kilian and GuEbhard, 1905). Morris and Lycett's (1855) re-

cord from the 'Coralline Oolite of Malton' (Oxfordian) is un-

supported by a figure of a specimen from this horizon.

6. GEOGRAPHICRANGE

The distribution of E. abjectus in Europe (text fig. 145) is

largely dependent on the occurrence of the appropriate

sedimentary facies (see Section 8). The only records from

outside Europe are a single specimen from the U. Bathonian

of N. W. India (BM L75269) and unfigured and therefore

questionable specimens (see Section 4) from the 'Lower Dog-

ger' of Tanzania (Hennig, 1924).

7. DESCRIPTION OF ECOLOGY

E. abjectus first occurs commonly in the Northampton

Sand Ironstone (Opalinum zone), a Condensed chamosite

oolite containing few examples of E. spondyloides but an

otherwise abundant and diverse fauna. The maximum height

attained is 95 mm(BM 82385). E. abjectus is markedly less

common in the Sowerbyi-Banke, a somewhat similar Con-

densed, ferruginous, marly oolite containing numerous ex-

amples of E. spondyloides, in the L. Bajocian of S. W. Ger-

many. Maximum height (127.5 mm, GPIT) is however con-

siderably greater.

Lissajous (1923) reports the species to be common in fer-

ruginous oolites of the Parkinsoni zone (U. Bajocian) in the

Mäconnais. E. spondyloides appears only to occur in the

Toarcian and Bathonian in the same area. In the U. Bajocian

of Swabia E. abjectus reaches a maximum height of 75 mm
(GPIT).

It is clear from the foregoing that Condensed ferruginous

oolites constituted the most favourable Substrate for E. ab-

jectus. The species is not known to be common outside this

facies. Paris and Richardson (1916) report the species to be

common in the Pea Grit (Murchisonae zone), a pisomicrite in

the Cotswolds, but this is not reflected in museumcollections

or supported by the present author's field observations.

8. INTERPRETATION OF ECOLOGY

The usual occurrence of E. abjectus, in Condensed fer-

ruginous oolites, indicates a preference for high energy condi-

tions with minimal terrigenous input. The inverse correlation

in numbers of E. abjectus and E. spondyloides in such facies

is strongly suggestive of competition, with dominance at any

one locality being presumably determined by priority.

The characteristic field occurrence of E. abjectus, in mod-
erate numbers with a high diversity fauna, suggests that it was

an equilibrium species (Levinton, 1970).

9. FUNCTIONALMORPHOLOGY

Since the species are in all important respects identical, the

interpretation of functional morphology presented for

E. velatus isof equal relevance to E. abjectus. It is extremely

doubtful whether the coarser Ornament of the latter conferred

any useful additional strength and stiffness on the shell which,

being thick, must already have been robust enough to cope

with most eventualities. The coarser ornament is more proba-

bly a non-functional by-product of neoteny in the origin of

the species (see Section 10).

No specimens of E. abjectus bearing the xenomorphic Or-

nament of ammonites have been discovered. It therefore

seems likely that benthos provided the sole source of sites for

byssal attachment.

10. ORIGIN ANDEVOLUTION

On the basis of morphology the most likely ancestor for

E. abjectus is E. spondyloides. However, Validation of this

hypothesis of derivation must await the discovery of un-

doubted specimens of E. spondyloides from the L. Lias (see

Section 5). Since the relatively coarse ornament of E. abjec-

tus resembles the juvenile ornament of E. spondyloides it is

possible that trans-specific evolution involved the retardation

of ornamental development with respect to size (neoteny).

There is however no basis of allometry in E. spondyloides to

allow derivation of the large tuberculate median costae in

E. abjectus bv heterochrony. Speciation therefore probably

involved changes in the structural as well as the regulatory

genome.

There appear to be no phyletic changes in morphology

within E. abjectus. Maximum height shows no directional

change in the passage from Aalenian (95 mm) to L. Bajocian

(127.5 mm) to 75 mm(U. Bajocian).

A possibility of neoteny in the origin of E. abjectus to-

gether with the subsequent highly developed stenotopy is in-

dicative of the prevalence of 'K' selection (Goulii, 1977).

The Bathonian decline of E. abjectus was probably the re-

sult of the diminution in areal importance of ferruginous ool-

ite deposits. The subsequent extinction of the species in the

Callovian was probably due to the widespread development

of unfavourable (low energy/high turbiditv) argillaceous

facies in Europe.
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Genus CHLAMYSRoding 1798 (non Koch 1801)

Type species. SD; Herrmannsen 1847, p. 231; Pecten is-

landicus Müller 1776, p. 248; Recent, circumboreal.

AMENDEDDIAGNOSIS

'Higher than long or rounded, commonly somewhat obli-

que, LV usually more convex but in some species valves

nearly equally convex; auricles clearly delimited, usually

large; byssal notch large; ctenolium usually present; sculpture

of radial (usually stronger) and concentric elements, with

scalelike spines commonly developed at their ]unctions, espe-

cially on LV but some shells nearly smooth; interspaces of

manv forms with intercalaries in adult; margin usually scal-

loped; cardinal crura variable in number and size. Trias. -

Rec, cosmop.' (Hertlein, 1969: N355).

DISCUSSION

The above diagnosis includes such a diversity of forms that

it seems impractical to employ it at the generic level. How-

ever, the present author is not in a position to give a revised

generic diagnosis of Cblamys since most species are post-

Jurassic.

Subgenus CHLAMYSs. s.

(Synonyms etc. Clamys Leach, 1815 [nom. null.]

Chalmys Dollfus and Dautzenberg, 1886

[nom. null.]

Actinochlamys Rovereto, 1898

Myocblamys von Ihering, 1907 [obj.]

Cblamydma Cossmann, 1907 [obj.]

Zygochlamys von Ihering, 1907

Belchlamys Iredale, 1929

Mimachlamys Iredale, 1929

Scaeochlamys Iredale, 1929

Talochlamys Iredale, 1929

Veprichlamys Iredale, 1929

Coralkhlarnys Iredale, 1939)

AMENDEDDIAGNOSIS

'Usually higher than long, anterior auricle longer than

posterior one; sculpture of numerous, generally grooved or

striated and spinöse, radial ribs; inner margin commonly with

rounded, grooved, weak riblets; cardinal crura weak or nearly

obsolete. Trias. - Rec, cosmop.' (Hertlein, 1969: N355).

DISCUSSION

Forms referable herein to Ch. (Chlamys) are divisible into

3 groups on the following basis: -

1. Plicae smooth (= Ch. (Ch.) valoniensis)

.

2. Plicae bearing widely spaced spines up to 5 mm in

length(= Ch. (Ch.) pollux).

3. Plicae bearing variably spaced imbricate lamellae (
=

Ch. (Ch.) textoria).

Groups 1 and 2 are almost certainly directly related and can

be distinguished from Group 3 at least as far back as the Trias.

They may therefore be worthy of a subgeneric distinction

from Group 3. However, in view of the uncertainty over the

bounds of the genus Chlamys (see above) this seems an inop-

portune moment to risk further confusion of the taxonomy

by erecting new subgenera.

Forms referable to Group 3 are to all intents and purposes

continuously variable in the number of plicae, spacing of the

comarginal lamellae and umbonal angle (PI. 6, Figs. 10-12,

PI. 7, Figs. 1-23, PI. 8, Figs. 1-3, 5-20). In all other respects

they are relatively invariant. However Variation, at least in the

number of plicae, is not normally distributed. Plical fre-

quency histograms standardised for size (in order to eliminate

the effect of ontogenetic increase in the number of plicae)

show at L: 20 and L: 40 (text fig. 146) a pronounced skew to

the right together with the development of secondary modes,

whileat L: 60 (text fig. 146) thereismarked bimodality. At all

sizes there are a few specimens whose plical frequencies are

outside the ränge of continuous Variation. This is hardly the

pattern of Variation expected of a single species but the follow-

ing discussion is intended to show that it need not necessarily

imply that more are present. In any case the height of the in-

ter-modal troughs would make for difficulty in dehning the

boundaries between constituent species.

If a species is 'environmentally variable' (developmentally

flexible) character/frequency plots for early stages in on-

togeny would be expected to lack prominent modes since at

this stage the organisms concerned cannot have 'experienced'

the environment and started to develop the appropriate mor-

phology (Johnson, 1981). For any given environment a Sin-

gle, prominent mode will emerge as development proceeds.

However, if more than one environment is involved a whole

variety of character/frequency distributions is possible for

later stages in ontogeny (such as are represented in text

fig. 146): differences in the extent of representation of par-

ticular environments, resulting from uneven sampling, will

determine the shape of the character/frequency distribution.

In the group under discussion there is a considerable corre-

lation between plical frequency in the later stages of ontogeny

and the environment occupied. Forms within the ränge 1 7-26

plicae are usually derived from reefal or peri-reefal deposits

while those within the ränge 27-36 plicae are most frequent in

non-reef, shallow water facies and those with more than 36

plicae are usually derived from argillaceous Sediments (see pp.

175-177). Due to abrasion, it is often difficult to count the

number of plicae in the umbonal region (earliest ontogenetic

stages). There does seem in fact to be a mode at about 22 plicae

(ränge: 1 7-30) but there is nevertheless little sign of the multi-

ple modes evident in counts from later ontogenetic stages.

There are thus reasonable grounds for considenng that differ-

ences in the number of plicae late in ontogeny are a reflection

of ecophenotypic Variation within a single species. There is

still a need for further detailed work on early ontogenetic Var-

iation in order to substantiate the 'single species' hypothesis.

An analysis of ontogenetic changes in Variation along the lines

employ ed for Radulopecten vagans (Johnson, 1981) would

provide a test for ecophenotypic Variation.

In conclusion, the curious patterns of Variation shown by

text fig. 146 are herein considered to be an artefact of the

museum collections studied. In these, specimens derived

from reefal and peri-reefal facies are much the most abundant
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Text fig. 146: Chlamys (Ch.) textoria - frequency distributions for numbers of plicae at lengths of 20, 40

and 60 mm.

and thus contribute to the right-skew at L: 20 and L: 40.

Specimens from argillaceous facies are poorly represented and

usually small, thus resulting in the discontinuous distribution

at high plical counts, which becomes especially marked at L:

60. Specimens from non-reef shallow water facies are poorly

represented but often large, thus resulting in the paucity of

specimens with intermediate plical counts at L: 20 and L: 40

but the relative abundance at L: 60.

Variation in the number of plicae at a particular size could

result from flexibility in the absolute rate of either size in-

crease or of addition to the number of plicae. Some evidence

for retardation of size increase (stunting) is derived from the

fact that forms with more than 36 plicae rarely exceed 50 mm
in height. The generally closer spacing of the imbricate lamel-

lae in such forms is also indicative of size retardation, pro-

vided that the temporal periodicity of secretion is the same as
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in larger specimens. Likewise, the generally smaller H/UA
ratio of specimens with numerous plicae is indicative of re-

tarded size development, provided that H and UA are par-

tially dissociated. However, the existence of specimens which

are both large and bear numerous plicae (e. g. PI. 8, Fig. 19)

should be noted. Moreover, there is by no means a linear rela-

tionship between the number of plicae and spacing of the im-

bricate lamellae, morphs of intermediate plical count exhibit-

ing both close and widely spaced lamellae (e. g. PI. 8, Figs. 9,

12). Similarly, in a plot of H/UA (text fig. 147) morphs with

between 27 and 36 plicae at a Standard size (L: 40) do not oc-

cupy a clearlv defined zone between those with more and less

plicae.

The existence of forms with low phcal counts, even at very

large size (e. g. PI. 6, Fig. 12), together with the fact that

much of the intercalation leading to high plical counts takes

place quite early in ontogeny (e. g. PI. 8, Fig. 16) suggests

that changes in the absolute rate of addition to the number of

plicae have played at least as important a role as stunting in

promoting the observed pattern of ecophenotypic Variation.

Such changes, unlike stunting, imply some adaptive value for

the phenotypes adopted in each environment. At present only

afew suggestions (see p. 178)canbeofferedas to theirsignifi-

cance and the topic is clearly ripe for further research.
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1855
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1894

1895

1897

1898

1898

non 1903

1903

1903

1903

v* 1904

1904

1904

1904

(?) 1904

1905

1905

1905

v 1905

v 1905

v 1905

v 1905

1906

? 1906

(?) 1907

1907

1907b

1907b

1907b

1910

1910

1911

1911

1911

1911

1911

1911

1911

1914

Pecten bipartitus sp. nov; FOTTERER, p. 32, pl. 5,

figs. 4, 4a.

Pecten Guyoti sp. nov; DE LORIOL, p. 42, pl. 10,

fig. 2.

Pecten textorius (SCHLOTHEIM); POMPECKJ,p. 773.

Pecten (Chlamys) silanus sp. nov; GRECO,p. 111,

pl. 8, figs. 34, 35.

Pecten articulatus (SCHLOTHEIM); GREPPIN, p. 128

(non Schlotheim sp.).

Pecten (Chlamys) dispar Terquem; Bistram,

p. 36, pl. 3, fig. 3.

Pecten textorius (SCHLOTHEIM); BlIRCKHARDT,

p.7.

Pecten moravicus sp. nov; Remes, p. 203, pl. 19,

figs. 9a, 9b.

Pecten strambergensis sp. nov; Remes, p. 204,

pl. 19, figs. lOa-c.

Pecten (Chlamys) Etiveyensis sp. nov; DE LORIOL,

p. 221, pl. 24, fig. 1.

Pecten (Chlamys) episcopalis DE LORIOL; DE LOR-

IOL, p. 223, pl. 24, fig. 7.

Pecten (Chlamys) blyensis sp. nov; DE LORIOL,

p. 224, pl. 24, fig. 3.

Pecten (Chlamys) Bourgeati sp. nov; DE LORIOL,

p. 225, pl. 24, figs. 5, 6.

Chlamys cf. dispar (TERQUEM); CoSSMANN,

p. 504.

Pecten (Chlamys) Dezvalquei Oppi I ; Kn IAN and

GUEBHARD,p. 743.

Pecten (Chlamys) voisin de Nattheimensis DE L.OR-

IOL; Kilian and Guebhard, p. 817.

Pecten (Chlamys) vimmeus J. DE C. SOWERBY;

Kilian and Guebhard, p. 817.

Pecten subarticulatus D'Orbigny; Peron, p. 217,

pl. 10, fig. 2.

Pecten vimmeus J. DEC. SOWERBY; PERON,p. 222.

Pecten etiveyensis DE LORIOL; PERON, p. 127

,

pl. 10, figs. 3,4.

Pecten desmoulinsianus COTTEAU;PERON, p. 233,

pl. 5, fig. 15, pl. 10, fig. 7.

Pecten Ugolinii sp. nov; FUCINI, p. 620, pl. 11,

fig. 4.

Pecten capillatus sp. nov; FUCINI, p. 622, pl. 11,

fig. 5.

Pecten (Chlamys) dispar TERQUEM;Joly, p. 75.

Chlamys textoria (SCHLOTHEIM); RlAZ, p. 620.

Chlamys subarticulata (D'ORBIGNY); COSSMANN,

p. 1, pl. 2, figs. 1,2.

Chlamys camillus (D'ORBIGNY); COSSMANN,p. 2,

pl. 2, fig. 7.

Chlamys cf. stncta (MONSTER); COSSMANN,p. 2,

pl. 2, fig. 5 (non MONSTERsp.).

Chlamys dewaiquei (Oppel); Lissajoos, p. 360,

pl. 10, fig. 3.

Chlamys subtextona (MONSTER); LlSSAJOOS,

p. 360, pl. 10, fig. 4.

Pecten (Chlamys) protextorius sp. nov; Roliiik,

p. 264.

Pecten (Chlamys) jurensis Riche;Rollier, 265.

Pecten (Chlamys) Schombergensis sp. nov; ROL-
LIER, p. 266.

Pecten (Chlamys) Brtsgoviensis sp. nov; ROLLIER,

p. 267.

Pecten (Chlamys) Schlippei sp. nov; ROLLIER,

p.267.

Pecten (Chlamys) Lycetti sp. nov; ROLLIER,

p. 267.

Chlamys bathonica sp. nov; COSSMANN,p. 1,

pl. 1, figs. 1-1.

Chlamys Gadoisi sp. nov; COSSMANN,p. 3, pl. 5,

fig. 2.

'

non 1915
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v 1926 Chlamys Quenstedti (Blake); Staesche, p. 44,

pl. L.fig. 7.

1926 Chlamys cf. episcopalis (DE LORIOL); STAESCHE,

p. 45, pl. 2, flg. 3.

? 1926 Chlamys Trigen (Oppel); Staesche, p. 56.

1926 Chlamys textona (SCHLOTHEIM); Roman,

pp. 113, 140, 168.

7926 Chlamys ambigua (Münster); Roman, p. 155.

7926 Chlamys subtextona (MONSTER); ROMAN,

pp. 193, 196, 197.

7926 Pecten vimineus J. DE C. SOWERBY; ROMAN,

p. 197.

1928 Chlamys cf. vimineus (J. de C. Sowerby); Doug-

las and Akku i , p. 136.

7929 Pecten (Chlamys) textorius (Schlotheim); Lan-

QUINE, pp. 82, 84, 188.

1929 Pecten (Chlamys) Dewalquei Oppel; Lanquine,

pp. 131, 199,300,310,324.

7929 Pecten (Chlamys) ambiguus (MÜNSTER); Lan-

QU1NE, pp. 300, 324.

7929 Pecten (Chlamys) cf. Jurensis RlCHE; LANQUINE,

p. 300.

1930a Chlamys (Chlamys) nattheimensis (DE LORIOL);

Arkei.L, p. 104, pl. 10, figs. 6-8.

v 1931a Chlamys (Chlamys) splendens (DOLLFUS); Ar-

kell, p. 107, pl. 10, figs. 1-5, pl. 14, fig. 5.

v 1931a Chlamys (Chlamys) cf. blyensts (DE LORIOL);

ARKELL, p. 1 10, pl. 1 1, figs. 1, la.

193 1 Pecten vimineus J. DE C. SOWERBY;YlN, p. 121.

1931 Pecten strambergensis REMES; YlN, p. 122, pl. 12,

fig. 8.

1932 Pecten (Chlamys) textoria (Schlotheim); Tzan
KOVand BONCEV, p. 230, pl. 1, fig. 8.

1933 Pecten (Chlamys) sp. - subtextona group; DIET-

RICH, p. 64, pl. 9, fig. 35.

1934 Chlamys cf. textoria (Schlotheim); Rosen-

krantz, p. 1 13.

1934 Chlamys rollet (STOUCZKA); ROSENKRANTZ,

p. 113.

1935a Chlamys cf. splendens (DOLLFUS); COX, p. 175,

pl. 18, fig. 10.

1935b Chlamys sp.; Cox, p. 13, pl. 2, fig. 7.

1936 Aequipecten sp; WANDEL,p. 483, pl. 15, fig. 3.

v 1936 Chlamys textorius (SCHLOTHEIM); DECHASEAUX,

p. 13, pl. 1 , figs. 1^4.

v 1936 Chlamys ambiguus (MONSTER); DECHASEAUX,

p. 14, pl. 2, flg. 2, pl. 3, fig. 1.

v 1936 Chlamys Dewalquei (OPPEL); DECHASEAUX,

P . 15, pl. 1, figs. 5, 7, pl. 2, fig. 4.

1936 Chlamys lotharingicus (BRANCO); DECHASEAUX,

P . 17.

'

1936 Chlamys Camillus (D'ORBIGNY); DECHASEAUX,

p. 18.

1936 Chlamys episcopalis (DE LORIOL); DECHASEAUX,

p. 18.

v 1936 Chlamys etiveyensis (DE LORIOL); DECHASEAUX,

p. 18, pl. 3, figs. 3,4.

1936 Chlamys subtextorius (MONSTER); DECHASEAUX,

p. 19, pl. 3, fig. 2.

1936 Chlamys splendens (DOLLFUS); DECHASEAUX,

p. 20.

"

v 1936 Chlamys Blyensis (DE Loriol); DECHASEAUX,

p. 20, pl. 3, fig. 8.

v 1936 Chlamys subarticulatus (D'ORBIGNY); DECHAS-

EAUX, p. 21, pl. 3 figs. 5,6.

v 1936 Chlamys Nattheimensis (DE LORIOL); DECHAS-

EAUX, p. 22, pl. 3, fig. 7.

. 1936 ChlamysNisus (d'Orbigny); Dechaseaux, p. 23.

1936 Chlamys Guyoti (DE Loriol); DECHASEAUX,

p. 24.

v 1936 Chlamys Bourgeati (DE LORIOL); DECHASEAUX,

p. 24, pl. 3, fig. 10.

1936 Chlamys sp; DECHASEAUX,p. 24, pl. 4, fig. 1.

(?) 1936 Pecten (Chlamys) dispar TEKQUEM;DECHASEAUX,

p.27.

v* 1936 Chlamys neumarktensis sp. nov; KUHN, p. 247,

pl. 12, fig. 40.

1938 Chlamys Dewalquei (OPPEL); Choubert, p. 198.

1938 Chlamys cf. ambigua (MÜNSTER); WEIR, p. 47,

pl. 3, figs. 9, 10.

1942 Pecten (Chlamys) textorius (SCHLOTHEIM); LeaN-

ZA, p. 172, pl. 7, fig. 2.

1942 Pecten (Chlamys) textorius var. torulosa QUEN-

STEDT; LEANZA, p. 173, pl. 7, fig. 4.

1948 Chlamys viminea (J. DE C. SOWERBY); Cox and

ARKELL.p. 11.

1948 Chlamys ambigua (MÜNSTER); Cox and ARKELL,

p. 12.

'

1948 Chlamys jurensis (RlCHE); Cox and ARKELL,

p. 12.

1948 Chlamys subtextona (MONSTER); Cox and AR-

KELL, p. 12.

795/ Chlamys torulosi (QUENSTEDT); MAUBERGE,

p. 367.'

1951 Chlamys textoria (SCHLOTHEIM); TROEDSSON,

p. 213, pl. 21, figs. 14-16.

1952 Chlamys ambigua (MONSTER); Cox, p. 4, pl. 1,

figs. 2^4.

1952 Chlamys subtextona (MONSTER); Cox, p. 6, pl. 1

,

figs. 5-7.

1952 Chlamys cf. episcopalis (DE LORIOL); Cox, p. 7,

pl. l.fig.l.

1952 Chlamys sp. indet; Cox, p. 9, pl. 1, fig. 8.

? 1953 Chlamys (Chlamys) wunschae sp. nov; MARWICK,

p. 98, pl. 10, figs'. 23, 24.

1956 Chlamys subulata seeuns (Db'MORTIER); Mel-

VTLLF, p. 121, pl. 5, figs. 4, 5.

1957 Chlamys kurumensis sp. nov; KOBAYASHI and

HAYAMI in Hayami, p. 1 19, pl. 20, figs. la, Ib.

796/ Chlamys textoria (SCHLOTHFIM); Hayami,

pp. 254, 318,319.

7967 Chlamys dewalquei var. jurensis (RlCHE); Bar

BULESCU, p. 702.

1964 Chlamys luaensis (D'ORBIGNY); J.-C. FISCHER,

p. 17, pl. 1, figs. 14, 15.

1965 Chlamys subtextona (MUNSTER); CüX, p. 55,

pl. 7, fig. 8.

7966 Chlamys textorius (SCHLOTHEIM); BEHMELand

Geyer, p. 28.

7966 Chlamys torulosi (QuENSTEDT); BEHMEL and

Geyer, p. 28.

7967 Chlamys textoria (SCHLOTHEIM); BERRIDGE and

IviMEY-CoOK, p. 160.

796* Chlamys textoria (SCHLOTHEIM); WOBBER,p. 36.

1970 Chlamys cf. nattheimensis (DE LORIOL); BEHMEL,

p. 62.

7970 Chlamys cf. quenstedti (BLAKE); BEHMEL, p. 62.

7977 Chlamys cf. textoria (SCHLOTHEIM); Hallam,

pp. 242-244, 246, 247.

1973 Entolium (?) Stoliczkai (Gemmellaro); Lentini,

p. 27, pl. 16, fig. 1 (non GEMMELLAROsp.).

1973 Chlamys (Aequipecten) cfr. Pollux (D'ORBIGNY);

Lentini, p. 27, pl. 16, fig. 1 (non d'Orbigny sp.).

1973 Chlamys (Velata) cfr. velata (GOLDFUSS); LEN-

TINI, p. 29, pl. 15, fig. 8 (non GOLDFUSSsp.).

1974 Chlamys enantyi sp. nov; SKWARKO,p. 83, pl. 26,

figs. 1,6, 12.

v 1975 Chlamys subtextona (MONSTER); YAMANI, p. 56,

pl. 2, figs. 15, 16.

v 1975 Chlamys paraphora (BOEHM); YAMANI, p. 57,

pl. 2, fig. 18.

v 1975 Chlamys quenstedti (Blake); Yamani, p. 58,

pl. 2, figs. 1,2.
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v*? 1978 Chlamys (Chlamys) bedfordensis sp. nov; DuFF,

p. 69, pl. 5, figs. 14-16, 18, 21, text fig. 23.

Lectotype of Pecünites textorius Schlotheim

1820, p. 229 designated herein; HM-M23;
PI. 8, Fig. 20 herein; H: 55, L: 51; L. Lias,

Amberg (Franconia).

1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

,Aus älterem Flötzkalk (sogenannten Gryphitenkalk) von

Amberg, theils der Gebirgsart aufliegend, theils in freyen Ex-

emplaren, mit versteinerter Schale, jedoch etwas schädigt,

und einige mit beyden Hälften (4 Ex.).

In der Form und Querstreifung dem Pectin. asper ähnlich,

aber die Beschaffenheit und Richtung der Strahlen sehr ver-

schieden. Sie sind ungleich dünner, liegen viel enger zusam-

men, und zwischen |edem etwas stärkeren und hervorsprin-

genden wird abwechselnd ein etwas tiefer liegender, feinerer

sichtbar. Äußerst feine, scharf hervortretende Querstreifen,

welche eng zusammenlaufen, und auf jedem Längenstrahl

kleine hervorstehende Schuppen bilden, geben dem Ganzen

ein gestricktes oder gewebtes Ansehen. Beyde Hälften sind

flach und gleichförmig gewölbt. Scheint nicht sehr häufig

vorzukommen und ist in schön erhaltenen und vollständigen

Exemplaren sehr selten.'

2. AMENDEDDIAGNOSIS

Distinguished from other Jurassic species of Ch.

(Chlamys) by the presence of imbricate lamellae on the plicae.

3. AMENDEDDESCRIPTION

Disc shape variable, sub-orbicular early in ontogeny, be-

coming increasingly sub-ovate, higher than long (text

fig. 148) towards the maximum height of 93.5 mm(GPIT

2-92-3). Umbonal angle increasing during ontogeny but very

variable, tending to be relatively high in forms with many
plicae (text figs. 149, 147). Dorsal margins concave; disc

flanks low.

Approximately equilateral; inequivalve, left valve low-

moderate convexity, right valve usually almost flat. Intersinal

distance variable, greater in left valve than right, increasing

isometrically in the former and at a decreasing rate with re-

spect to length in the latter (text figs. 1 50, 151). Depth of bys-

sal notch variable, moderate to large, but increasing with ap-

proximate isometry (text fig. 152).

Auricles well demarcated from disc, variable in size. Both

posterior auricles meeting hinge line at an obtuse angle and

disc at an acute angle. Anterior auricles meeting disc at an

acute angle and hingeline at a variable angle, 90° or less. All

auricles bearing comarginal imbricate lamellae, anterior auri-
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Text fig. 148: Chlamys (Ch.) textona - height/length.
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cle of Ieft valve also bearing radial Striae of variable promi-

nence. Anterior auncle height variable (text fig. 153). An-

terior and posterior hinge lengths both variable, former m-

creasing with respect to length at a slightlv decreasing rate

(text fig. 154), latter increasing at a slightly increasing rate

(text fig. 155).

Disc exterior ornamented with a variable number of radial

plicae, tending to increase in number by either intercalation or

Splitting but at a very variable rate (PI. 6, Figs. 10-12, PI. 7,

Figs. 1-23, PI. 8, Figs. 1-3, 5-20). Between 17 and 30 plicae

at the earliest stages in ontogeny, between 17 and 98 at L: 20

(text fig. 146), between 17 and 121 at L: 40 (text fig. 146) and

between 1 7 and at least 62 at L: 60 (text fig. 146). Plicae bear-

ing variably spaced imbricate comarginal lamellae which tend

to be closer and lower in forms with more plicae. Lamellae

generally lower on right cf. Ieft valves of all forms.

Shell thickness moderate.

4. DISCUSSION

The lectotype (herein designated) of 'Pectinites' textorius

Schlotheim (HM M23; PI. 8, Fig. 20) is a poorly preserved

specimen but the Ornament and metric proportions ( 1 ) clearly

fall within the ränge of the species described in Section 3. The

latter, by reason of the historically senior position of

Schlotheim's taxonomic species is therefore known herein-

after as Cblamys (Ch.) textoria.

The following type specimens cannot be separated from

Ch. (Ch.) textoria bytheir metric proportions and theirphcal

counts at the given length (in Square brackets) also fall within

the ränge of the species.

The sole known type of:

2. 'Pecten' vimineus J. de C. Sowerby (BM 43318; PI. 8,

11

12

13.

14

Figs. 1, 5) [21:60];

the sole observed types of:

TV ambiguus Monster (BSPHG AS VII 620; PI. 7,

Fig. 17) [32: 36].

TV subtextorws Münster (BSPHGAS VII 623; PI. 7,

Fig. 16) [41: 30];

the holotype (M) of:

'P. " scmispinatns Terquem and Jourdy (ENSM L342;

PI. 7, Fig. 4) [22:20];

the sole observed syntype of:

TV paraphoros Boehm (BSPHG) [43:16];

the sole observed type of:

'P.' pelops de Loriol (MNS B. 03982; PI. 7, Fig. 6)

[20:34];

a possible syntype of:

•P. ' episcopalts de Loriol (MNO3761 ; PI. 7, Fig. 1 8)

[38:26];

syntypes of:

TV (Cblamys) Etiveyensis de Loriol (MNS B. 03986;

PI. 7, Fig. 22) [40:38];

'P.' desmoulinsianus Cotteau (MNS B. 03987; PI. 7,

Figs. 2, 3) [18:12];

the sole observed syntype of:

Ch. articulata var. notgroviensis Paris and Richard-

son (BM L41976; PI. 7, Fig. 19) [27:51];

the sole observed type of:

Ch. articulata var. sauzeana Paris and Richardson

(BM L41978; PI. 7, Figs. 1, 7) [21:56];

the holotype (M) of:

Ch. yieumarktensis Kühn (BSPHG AS J 867; PI. 7,

Fig. 13) [26:48];

the alleged holotype (M) of:

TV texturatiis Münster (BSPHG AS VII 619; PI. 7,

Fig. 21) [46:63];

and the syntypes of:
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15. 'P.'Phillis d'Orbigny(MNO2075A-C;P1. 6, Fig. 10,

PI. 7, Fig. 5) [respectively 17:31, 19:39, 21:29].

16. TV subarticulatus d'Orbign\ (MNO 4286, 4286A)

[respectively 19:39, 19:30].

The original figures of the following are similarly insepara-

ble:

17. TV virguliferus Phillips [39:20].

18. TV subimbncatus Roemer [60:33.5].

19. TV palosus Stoliczka [45:23].

20. 'P.' Sismondae Capellini [36:23].

21. 'P.' Fortunatus Dumortier [36:45].

22. 'P.' anastomoplicus Gemmellaro and Di Blasi [20:65].

2}. TV erctensis Gemmeli aro and Di Blasi [32:37].

24. 'P.' Ferax de Loriol [50:27].

25. TV (Cb.) silanus Greco [35:26].

26. TV (Ch.) blyensis de Loriol [36:38.5].

27. TV (Ch.) Bourgeati de Loriol [18:35].

28. TV subambiguus Borissiak and Ivanoff [19:40].

Metrie proportions of the original figures of the following

are inseparable from Ch. (Ch.) textoria but the number of

plicae cannot be counted due to poor drawing, although it ap-

pears to be within the ränge of the latter species.

29. TV textorius torulosi Quenstiim.

30. TV securts Dumortier.

The following type specimens plot outside the ränge of text

figs. 1 48-1 55 for the parameters stated but may be considered

to be extreme variants of Ch. (Ch.) textoria since their plical

counts at the lengths stated are within the ranges desenbed in

Section 3.

The holotype (M) of:

31. TV Quemtedti Blake GPIT 2-92-3; PI. 6, Fig. 12),

high H/UA [20:80.5];

the sole observed syntype of:

32. TV textorius albus Quenstedt (GPIT), low H/UA
[47:16.5];

the sole observed type of:

33. TV subtextorius Schnaitheimensis Quenstedt (GPIT

4-92-7; PL 8, Fig. 13), high H/UA and HAA/L

[43:27];

the sole observed syntype of:

34. TV laamanus Rothpletz (BSPHG AS XXIV 52;

PI. 6, Fig. 11), low H/UA [25:22].

The following original figures are considered to be insepar-

able for the same reasons.

35. TV Benedict! Contejean, high H/UA [30:20.5].

36. TV sitbreticuUtus Stoliczka, low H/UA [70:32.5].

37. 'P.' Rollei Stoliczka, low H/UA [50:32].

38. TV verticillus Stoliczka, low H/UA [70:38].

39. TV splendens Dollfus, low I L /L [30:68.5].

40. TV (Ch.) Veneris Gemmellaro and Di Blasi, low

H/UA [80:19]).

41. 'P.'Guyoti df Loriol, high H/L and H/UA [35:54].

42. TV moravicus Remes, high H/UA [25:28].

43. TV strambergensis Remes, high PH/L [18:15.5],

Although it has not been possible to accurately measure the

number of plicae in the original figures of the following

species, the overall density of the ornament (in Square brack-

ets) appears to be within the ränge of Ch. (Ch.) textoria and

the anomalous metric proportions stated are probably a con-

sequence of enlargement or distortion in illustration.

44. TV Büloti Contejean, high H/UA [coarse].

45. TV Ponzn Gemmellaro, low H/UA [fine].

46. TV Ugolimi Fucini, low H/UA [fine].

The figure of 'P. ' capillatus Fucini (47) also has low H/UA
but the ornament is dense enough [40:9] to suggest that it may

belong to a different species.

In cases 7, 14, 29, 30 and 40 above, the reduetion or com-

plete loss of the comarginal ornament is probably due to abra-

sion. In cases 13, 22, 23 and 31 the lack of comarginal orna-
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ment is due to preservation as internal moulds. In 18 and 43

the apparently larger size of the posterior compared to the an-

terior auricle is clearly due to reversal in printing and mea-

surements have been correspondingly altered.

'P.'vimineus (2) has beenused by Boehm (1881a) for forms

said to have as few as 16 plicae (i. e. outside the ränge of Ch.

(Ch.) textoria). Boehm's figures do not, however, support

this claim since they depict specimens with 18-19 plicae.

Krenkel (1915) has applied J. de C. Sowerby's specific name

to forms which, by the irregularity of the Ornament, are prob-

ably referable to Eopecten.

TV Quenstedti (31) was erected by Blake (1875) for the

specimen which was incorrectly referred to 'P. ' dentatus J. de

C. Sowerby by Quenstedt (1858). 'P.' moravicus (42) was

createdby Remes (1903) for the original of 'P.' n. sp. (Boehm,

1883), among other specimens.

Quenstedt's subspecies 'P. ' textonus torulosi (29) and 'P.'

subtextorius Schnaitheimensis (33) were subsequently raised

to specific rank by respectively Ernst (1923) and Thurmann

and Etallon (1862). Although outside Quenstedt's

hypodigm, Thurmann and Etallon's species (with 18 plicae

throughout ontogeny) is within the present author's

hypodigm for Ch. (Ch.) textoria. Varietal use of the name tor-

ulosi (see Synonymy) does not differ from the original

hypodigm. Subspecific use of 'P. ' securis Dumortier (30) by

Melville (1956) is also within the original hypodigm.

'P. ' (Ch.) Etiveyensis de Loriol (9) was created for the

holotype (M) of 'P. ' icaunensis Cotteau in the belief that the

latter name was a junior homonym of a Neocomian species.

In fact the Neocomian species was described alter the Jurassic

species in Cotteau's work (1855: 1 15) thus it could beargued

that the latter is the senior homonym and that de Loriol's

species is therefore a junior objective synonym which must be

rejected.

'P.' subarticulatus d'Orbigny (16) must be rejected since it

is a junior primary homonym of a Valanginian species de-

scribed by Rofmer (1839).

The following specimens are too poorly preserved to allow

measurement of the metric proportions plotted in text

figs. 148-155. However the general form and number of

plicae (in Square brackets) is within the ränge of Ch. (Ch.)

textoria of comparable size.

a. The syntypes of 'P. ' Luciensis d'Orbigny

(MNO2910) [20].

b. The syntypes pf 'P. ' Camillus d'Orbigny'

(MNO3400A-D; PI. 7, Fig. 10) [23-24],

c. The syntypes of 'P.' Opis d'Orbigny

(MNO3762, 3762A, 3762B) [30].

d. The syntypes of 'P.' Nisus d'Orbigny

(MNO4289) [19].

e. The syntypes of 'P. ' Niso d'Orbigny

(MNO4291, 4291A) [39].

f. The sole observed type of 'Eopecten ' articulatus Paris

and Richardson (BM L42060; PL 8, Fig. 2) [21].

g. The original of Ch. Rosimon (d'Orbigny-); Staesche

(GPIT 1592/5; PL 8, Fig. 16) [48].

h. The original oiCh. sp., Dechaseaux [18].



172

20-

AH

10-

| "32/95JI

V.
,W

13

A*"/?

"4

* 4

7 x Ä A d

^37 ^23^28X

,- -

m

%

—1~

60 8020 40 100

Text fig. 154: Chlamys (Ch.) textoria —anterior hinge length/length.

20-

PH

io

%

-?
••

*3 \A
«36.° 4

D

ßV

1

—

I

—
I

—
I

—
I

—
I I I

80 100
i 1 r n i r~

40
L

20 40 60 80

Text fig. 155: Chlamys (Ch.) textöna - posterior hinge length/length

The original figures of the following are poor lllustrations

or depict incompletely preserved specimens. However, they

are similarly inseparable from Ch. (Ch.) textoria.

i. 'P. ' varius Linnaeus; Young and Bird

(non Linnaeus) [23],

j. 'P.' elegans Young and Bird [27].

k. 'P. ' textorius var. orbicularis Koch and Dunkf.r [43].

1. 'P.'Nothus d'Orbigny in Boule [19].

m. 'P.' Hermanciae Etallon [25].

n. 'P. 'Janiformis Lundgren [20],

o. 'P.' Lotharingicus Branco [22].

p. 'P.' bipartitits Futterer [28].

r.

s.

t.

u.

v.

w.

X.

y-

z.

a,.

Ch. cf. stricto. (Munster); Cossmann

(non Munster) [35].

Ch. Gadoisi Cossmann [22].

'P.'(Ch.) sp. indet; Rollier [22].

'P.' Lahmem Borissiak and Ivanoff [27].

'P. ' Rolleiformis Fucini [30]

.

Ch. sp; Cox [27].

'Aeqmpecten' sp; Wandel [20].

Ch. sp; Dechaseaux [18].

Ch. sp. indet; Cox [19].

Ch. kurumensis Kobayashi and Hayami [42]

Ch. enantyi Skwarko [30].
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The reduced development of comarginal Ornament in a, 1,

o, u and x can be attributed to abrasion. However, the

smoothness of the right valve compared to the strong or-

namentation of the left in 'P. ' Janiformis (n) may be indicative

of a specific difference. The irregulär plication of E. art-

iculatus (f) is only known in rwo specimens and may be

caused by restricted growth amongst corals (see Section 8).

One of the original syntypes of 'P. ' Nothus (MNO4284)

was shown by Boui f (1929) to be representative of Radulopec-

ten mequicostatus. To avoid confusion d'Orbigny's

hypodigm was restricted to the specimen (1) which is clearly

an example of Ch. (Cb.) textona.

Thefiguresof 'P. 'peruanus Tilmann, 'P.'pseudotextorms

Redlich; Borissiak and Ivanoff, Ch. Meriani (Greppin);

Staesche (non Greppin), 'P.' (Ch.) sp; Dietrich, 'Entolium'

(?) Stolkzkai (Gemmellaro); Lentini (non Gemmellaro),

Ch. ('Aequipecten') cfr. velata (Golfuss); Lentini (non

Goldfuss) all depict imperfectly preserved specimens in

which neither the number of plicae nor the metric proportions

could be accurately measured. However, except in the case of

'P. ' peruanus (where there is some resemblance to Ch. (Ch.)

valomensis), the overall form and disposition of the plicae

leave little doubt that they should be included within Ch.

(Ch.) textoria. Redlich's original description of

'P.' pseudotextorius has yet to be traced.

The figures of 'P. ' textorius y Quenstedt and

'P. ' canaliculatus Terquem and Piette depict fragmented

specimens but the characteristic Ornament of Ch. (Ch.) tex-

toria is clearly visible.

The original description of Ch. (Ch.) bedfordensis Duff

specifies, in contrast to Ch. (Ch.) textoria, different numbers

of plicae on the right (70) and left (40) valves. However, it is

not clear whether the description is based on a bivalved

specimen and the holotype (OD; a right valve) of Ch. (Ch.)

bedfordensis (BM LL27724) is very similar to small, finely

ornamented specimens of Ch. (Ch.) textoria. Bearing in mind

the great variability in the number of plicae in the latter species

Ch. (Ch.) bedfordensis may well be synonymous.

The major proportion of the disc Ornament in Ch. (Cb.)

wunscbae Marwick is very similar to Ch. (Ch.) textoria but

the existence of what appears to be 'Oim^ronecfes-ornament'

on the anterior and posterior dorsal margins probably serves

to distinguish the species.

The specific name articulatus Schlotheim has frequently

been applied (see Synonymy) to coarsely ornamented forms

of Ch. (Cb.) textoria following the illustration of such a form

under 7V articulatus by Goldfuss (1833). However,

v. Seebach (1864) and Cossmann (1911) have examined

Schlotheim's type material and pronounced it to be represent-

ative of P. vagans J. de C. Sowerby (= Radulopecten vag-

ans). Subsequent illustration of syntypes by Staesche (1926,

pl. 1, figs. 10, 11) has confirmed distinctiveness from Ch.

(Ch.) textoria (and thus the inappropriate use of the name by

Goldfuss and later authors) although the affinities of the

specimens seem to be with R. mequicostatus. v. Seebach con-

sidered that J. de C. Sowerby's specific name vimineus

should be applied to forms like 'P. ' articulatus Goldfuss but

de Loriol (1894) reckoned J. de C. Sowerby's species (from

the Inferior Oolite [Cox and Arkell, 1948]) to be distinct

from that of Goldfuss (from the Tithonian) and therefore

created a new name (nattheimensis) for the latter. Cossmann

created Ch. bathonica for similar specimens from the Batho-

nian, reasoning apparently that mere stratigraphic Separation

merited a specific distinction. Oppel (1858) created 'P.' De-

walquei for specimens referred to 'P. ' articulatus by Chapuis

and Dewalque (1853) which he presumably considered to be

outside Goldfuss' hypodigm for the species. The variety

Jurensis Riche (1893) was created for forms with Compound

plicae and raised to specific rankby Rollier (1911). Sincethis

feature is a common aspect of the Variation in coarsely or-

namented Ch. (Ch.) textoria (e. g. PI. 7, Fig. 1 1), 'P.' (Ch.)

jurensis can safely be synonymised.

Ron ier's species 'P. ' (Ch.) protextorius, 'P. ' (Ch.) Scbom-

bergensis, 'P.' (Ch.) Brisgoviensis, 'P.' (Ch.) Schuppet and

'P.
' (Ch.) Lycetti were erected for specimens which he con-

sidered had been incorrectly assigned to Synonyms of Ch.

(Ch.) textoria by previous authors (respectively 'P. ' textorius

torulosi Quenstedt, 'P. ' textorius Schlotheim; Quenstedt,

'P.' ambiguus Munster; Schlippe, 'P.' Dewalquei Oppel;

Schlippe, 'P.' articulatus Schlotheim; Lycett) but which are

within the present author's hypodigm for Ch. (Ch.) textoria.

The affinities of 'P.' Palaemon d'Orbigny, 'P.' dispar

Terquem, 'P.' textilis Munster and 'P.' Trigeri Oppel (and

subsequent references thereto) are discussed under respec-

tively, Entolium (E.) lunare, Ch. (Ch.) valomensis and

Camptonectes (C.) subulatus (last two).

In the interests of brevity secondary references to

synonymous species are only listed in the synonymy where

they occur in major works (e. g. Staesche, 1926, De-

chaseaux, 1936) or where they are of relevance to thepreced-

ing discussed or sections 5-10. Further secondary references

may be traced in Roemer (1839), Quenstedt (1843, 1852),

d'Orbigny (1850), Bronn (1852), Oppel (1866), Laube

(1867), Waagen (1867), Brauns (1871), Täte and Blake

(1876), Lundgren (1881), Simpson (1884), Behrendsen

( 1 891 ), Siemiradzki (1893), Bettoni (1900), Cossmann (1900),

Trauth (1909), Simionescu (1910), Blaschke (1911), Rollier

(1911), Cossmann (1919), Cox (1928), Vinassa de Regny

(1933), Rakus (1964), Urlichs (1966), Barbulescu ( 1971) and

Nitzopoulos (1974).

5. STRATIGRAPHIC RANGE

The earliest zonally defined records of Ch. (Ch.) textoria

are from the Planorbis zone (Hettangian) of S. England (au-

thor's collection), the Rhone Basin (Dumortier, 1864), the

Northern Alps (Neumayr, 1879) and Peru (Tilmann, 1917).

Earlier records may however be constituted by occurrences in

the 'Rhaeto-Lias' of E. France (Terquem, 1855) and N. Italy

(Capellini, 1866). Apart from the above and records from the

Angulata zone of S. England (BM 77247) and E. France

(Terquem and Piette, 1865) the species is unknown until the

Sinemurian when it becomes widespread and locally com-

mon. Numbers in the L. and U. Pliensbachian are perhaps

somewhat reduced but the species remains widespread until

the Toarcian. In the L. Toarcian Ch. (Ch.) textoria appears

only to occur in any numbers in the Tenuicostatum zone of

Luxembourg (Mauberge, 1851) and the Bifrons zone of the

Lyonnais (Dumortier, 1874;Riaz, 1907; Roman, 1926). Cer-

tain U. Toarcian records are limited to specimens from the
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Text fig. 156: Chlamys (Ch.) textona - European distribution.

Cotswolds (BM L41990), E. Spain (Behmel and Geyer,

1966), Portugal (Hallam, 1971), L. Saxony (Ernst, 1923)

and Swabia (Staesche, 1926); the latter being the only area

where the species occurs fairly frequently. Other Toarcian

records in the literature (Verneuil and Collomb, 1952;

J. Meneghini, 1881; Burckhardt, 1903; Lanquine, 1929;

Dechaseaux, 1936) are from unspecified horizons within the

stage and refer to indeterminate numbers of specimens.

'Toarcian' museum specimens, apart from those which are

representative of the above records, are limited to three ex-

amples from Normandy (BM 65891 , 65897, L38023) and one

from Chile (BM LL26315).

In the Aalenian Ch. (Ch.) textona again becomes locally

common and continues thus through the Bajocian. In the

Bathonian common occurrences are considerably more

sparsely distributed and in the Callovian the species is only

known to occur commonly at one horizon (Lamberti zone of

Brora, Scotland). Apart from specimens from this locality

undoubted examples of Ch. (Ch.) textoria from the Cal-

lovian in museums are limited to nine specimens from the

E. Paris Basin (MNO [3], MNP(3), GPIT [2], DM) two

from S. Germany (BSPHG, GPIG), two from Poland (BM

LL 1 7246-7) and two from England (SbM, OUMJ4823). Bib-

liographie records exeluding those which refer to the above

specimens are limited to Russia (Lahusen, 1883; Borissiak

and Ivanoff, 1917), Rumania (Barbulescu, 1961), S. Ger-

many (Schlippe, 1888), the E. Paris Basin (Dechaseaux,

1936), the Rhone Basin (Lissajous, 1910, 1923) and England

(Douglas and Arkell, 1928; Cox and Arkell, 1948) and the

number of specimens in each case is probably small.

In the Oxfordian Ch. (Ch.) textona again becomes locally

common and continues thus until the U. Tithonian (Boehm,

1883; Remes, 1903; Kilian and Guebhard, 1905; Yin, 1931).

However, distribution is at all times somewhat patehy.

6. GEOGRAPHICRANGE

In the Lias Ch. (Ch.) textoria is known from a great many

localities over a large area of Europe (text fig. 156) and at the

same time it occurs widely in S. America (text fig. 157). The

palaeolatitudinal ränge is thus about 100°. Since the species

occurs in the Planorbis zone of both Europe and S. America

migration to produce the disjunet distribution must have oc-

curred either very early in the Jurassic or in the Triassic. The

lack of direct shelf connections over this period would have

forced Ch. (Ch.) textoria to use extremely long routes

through either the Arctic or Antarctic regions if deep waters

were to have been avoided. If the oecurrence of specimens in

the L. Jurassic outside Europe and S. America is at all indica-

tive (by way of signifying the existence of populations which

might be relicts) of the route taken,then the records of Ch.

(Ch.) textona from Japan and Siber'ra suggest that the Arctic

route was adopted. However, the apparent absence of Ch.

(Ch.) textoria from the L. Jurassic of western N. America

(Hayami's [1961] recordfromN. America presumably refer-

ring to specimens collected from E. Greenland by Rosen-

krantz [1934]) argues against this hypothesis and since Mar-

wick's (1953) single, doubtfully conspeeifie, speeimen (see

Section 4) is the only record from the L. Jurassic of Oceania

the Antarctic route seems also to be precluded. The available

evidence therefore suggests that Ch. (Ch.) textoria was able

to migrate via the direct, deep water route of the Tethys and

Pacific Oceans.

During the Toarcian Ch. (Ch.) textoria became much

more sparsely distributed in Europe and outside the continent

the species may well have been restricted to S. America.

During the Aalenian Ch. (Ch.) textoria was apparently

confined to Europe where, however, it became more wide-

spread although largely absent from the peri-Mediterranean

region. A similar pattern of distribution was maintained

throughout the rest of the Jurassic in Europe.

In the Bajocian the ränge extended along the southern

shores of Tethys and apart from an apparent break in the

Bathonian (which may be a funetion of collection failure) the

species persisted in the latter area until the Kimmeridgian.

Wandel's (1936) single speeimen from the Oxfordian of the

E. Indies mav indicate a similar spread along the northern

shores of Tethys.
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Text fig. 157: Cblamys (Ch.) textoria - World distribution (Callovian reconstruction).

The particular abundance of Ch. (Ch.) textoria in the Cal-

lovian of Cutch, India (Cox, 1952) in conjunction with the

scarcity of the species in Europe (see Section 5) at this time

suggests a shift in the centre of population,perhaps as a re-

sponse to the widespread development of unfavourable

bituminous shale facies (see Section 8) in the latter region.

In the Tithonian the ränge of Ch. (Ch.) textoria may well

have contracted into Europe.

7. DESCRIPTION OF ECOLOGY

Rather than laboriously catalogue the particular variants of

Ch. (Ch.) textoria present at a given locality the author has

taken the liberty in the following description of referring

specimens to one of three arbitrarily defined groups, charac-

terised by the presence of 1 7-26 plicae, 27-36 plicae and more

than 36 plicae at L: 20, known hereinafter as the 'coarse', 'in-

termediate' and 'fine' phenotypes respectively.

Ch. (Ch.) textoria first occurs in any numbers in the

Sinemurian when however it is found widely in all the major

facies developed in the stage. It is particularly common in the

Arietenkalk (Bucklandi zone), a predominantly clay and mic-

ritic limestone sequence in S. W. Germany, where it reaches

a maximum height of 53 mm(GPIT). All specimens in which

the shell is preserved belong to the 'fine' phenotype. The

species is also common in the stratigraphically slightly higher

chamosite oolites of the Frodingham Ironstone (Semicos-

tatum-Obtusum zones) where it reaches a maximum height of

37 mm(author's collection). The majority of specimens be-

long to the 'intermediate' phenotype but the 'fine' phenotype

also occurs (assoc. fauna, p. 69). 'Fine' phenotypes consti-

tute all the records of Ch. (Ch.) textoria from the

U. Sinemurian Hierlatz Limestone of the N. Alps. Such

phenotypes also form the basis for the many records of Ch.

(Ch.) textoria from clays and micritic limestone in the

L. Pliensbachian of S. W. Germany and the E. Paris Basin

(where the species reaches a maximum height of 73.5 mm
[DhCHASEAUX, 1936]). 'Intermediate' and 'coarse' phenotypes

from this stage are restricted to two specimens from Germany

(BSPHG; PI. 7, Fig. 12) and one from Lorraine (NM).

Ch. (Ch.) textoria is widespread in the U. Pliensbachian

but appears only to be common in micritic limestones in

Swabia (Staesche, 1926) where it reaches a maximum height

of 60 mm(BSPHG). No specimens are known from sandy

facies in substage (e. g. Sandy Series, Yorkshire; Down
Cliff and Thorncombe Sands, Dorset) and the species is rare

in chamositic colite facies (e. g. Cleveland and Banbury Iron-

stones) although it reaches a maximum height of 88 mm
(BM 20166). In similar facies in the L. Toarcian of the Lyon-

nais the species is commonbut reaches a maximum height of

only 36.5 mm(ENSM). 'Intermediate' phenotypes are more

common than 'fine' but in argillaceous facies in the same sub-

stage in Luxembourg(MAUBERGF, 1951), Ch. (Ch.) textoria is

represented only by 'fine' phenotypes (maximum height

35 mm[BSPHG]). All but one (GPIG) of the museumspeci-

mens examined by the author from argillaceous facies in the

U. Toarcian of Swabia exhibit the 'fine' phenotype. The max-

imum height attained is 53.9 mm(Staesche, 1926). The as-

sociated benthic fauna is considerably reduced in density and

somewhat reduced in diversity.

No specimens of Ch. (Ch.) textoria have been recorded

from Toarcian bituminous shale deposits. An isolated speci-

men exhibiting the 'fine' phenotype (BM 65897; PL 8,

Fig. 19) from the argillaceous sequence of Normandy is the

largest (H: 73.5) known from the stage.

Although reef and reef-derived deposits are known in the

Jurassic as early as the U. Pliensbachian (Jebel Bou-Dahar,

Morocco [Dubar, 1948]) Ch. (Ch.) textoria delays its appear-

ance in such facies until the Aalenian, when it is found com-

monly in the Pea Grit Coral Bed of the Cheltenham area in as-

sociation with abundant limid bivalves, brachiopods,

bryozoa and corals. All museum specimens which are un-

doubtedly derived from this horizon and locality exhibit the

'coarse' phenotype. The maximum height is 52 mm(BM

L41973). The species is rare in Aalenian chamosite oolites in

Britain (Northampton Sand Ironstone) and S. W. Germany
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but in Lorraine numerous specimens are recorded, reaching a

maximum height of 65 mm (NM). 'Coarse' and 'inter-

mediate' phenotypes are approximately equally represented.

In the Sauzei zone (L. Bajocian) of Malancourt Quarry,

near Metz (E. Paris Basin), Ch. (Ch.) textoria occurs abun-

dantly in a number of patch coral reefs and in the inter-reef

biosparites and marls. In specimens collected by the author

which are well enough preserved to allow plical counts to be

made only one specimen of thirteen from the reef facies be-

longs to the 'intermediate' rather than the 'coarse' phenotype.

Conversely, of ten specimens from the inter-reef facies only

one belongs to the 'coarse' rather than the 'intermediate'

phenotype. The maximum height of the author's specimens is

50 mmbut a museumspecimen (NM) from the same area and

horizon has a height of 74.5 mm. The associated fauna in both

reef and inter-reef facies is dominated by the bivalves Ctenos-

treon, Lopha, Lucina, Pseudolimea and Trichites, the

brachiopods Cymatorhynchia, Flabellirhynchia, Lobothyris

and Rugitela, the echinoids Hemicidaris and Pseudodiade-

ma, the gastropod Bourguetia and serpulids and bryozoans.

The coral genera Isastrea and Thamnasteria form the bulk of

the reef masses (Hallam, 1975b).

In the roughly contemporaneous Sowerbyi-Banke, a marly

oolite in S. W. Germany, Ch. (Ch.) textoria is common and

reaches a maximum height of 57 mm(GPIG). Of theeighteen

specimens from this bed in the GPIG, fifteen exhibit the 'in-

termediate' phenotype, two the 'coarse' and one the 'fine'. A
shell bed of approximately the same age (Concavum-Discites

zones) at Bradford Abbas, near Sherborne, Dorset has

yielded numerous examples of the 'coarse' phenotype of Ch.

(Ch.) textoria up to a maximum height of 38.5 mm(BM

LI 1559). The associated benthic fauna is diverse and includes

the bivalves Trigoma and Astarte together with the gas-

tropods 'Alaria', 'Cerithium', 'Purpurina,' and 'Spimgera'

and the brachiopod 'Terebratula' (Woodward, 1894).

In the U. Bajocian of the Cotswolds Ch. (Ch.) textoria is

common in the Upper Coral Bed (Parkinsoni zone) in associ-

ation with the reef-inhabiting pectinids Spondylopecten (S.)

palinurus and S. (S.) cardinatus. Of the museum specimens

which are certainly derived from this horizon only one (BM

L41968) exhibits the 'intermediate' rather than the 'coarse'

phenotype.

The 'coarse' phenotype of Ch. (Ch.) textoria is quite

common (author's collection) in a coral bed in the M. Batho-

nian of the Carriere de Campagnettes (Normandy). The

bivalves Lithophaga, Plagiostoma, Trigoma and Vaugonia

and the brachiopod Moorellina make up the majority of the

associated fauna (T. Palmer, 1974). A similar coral bed in In-

dre, where S. (S.) palinurus is an additional faunal element,

also contains the 'coarse' phenotype of Ch. (Ch.) textoria

(J.-C. Fischer, 1964).

In the U. Bathonian of Normandy the 'coarse' phenotype

occurs quite commonly between sponge fronds in the reef-

like structures exposed at St. Aubin. The maximum height is

50 mm(author's collection) and the most abundant elements

of the associated fauna are the sponges Platycboma and Lim-

noria, the bivalve Plagiostoma, the brachiopod Moorellina

and ectoprocts and serpulid worms (T. Palmfr, 1974). Ch.

(Ch.) textoria is rare outside coralliferous or spongiferous

deposits in the Bathonian.

The only commonoccurrence of Ch. (Ch.) textoria in the

Callovian is in the Clylenish Quarry Sandsone (Lamberti

zone, E. Scotland) where the majority of specimens exhibit

the 'intermediate' phenotype. The maximum height attained

is 67 mm(BM L20601). Most of the remaining few Callovian

records (see Section 5) seem also to be from arenaceous facies.

However, specimens described by Duff (1978) from the

bituminous shales of the L. Oxford Clay (Coronatum zone)

in England (BM LL27724-8) may constitute a record of Ch.

(Ch.) textoria ('fine' phenotype) from argillaceous facies (see

Section 4). The maximum height of Duff's specimens is

9.7 mm.

In the Oxfordian, Ch. (Ch.) textoria is common in de-

posits of the Plicatilis zone in Oxfordshire and in Yorkshire,

where the species reaches a maximum height of 82 mm
(YM 570). According to Arkell (1931a) specimens from

coral patch reefs generally exhibit the 'coarse' phenotype

while those from inter-reef oolites and biosparites show the

'intermediate' phenotype. In the succeeding Transversarium

zone deposits in Yorkshire (Coral Rag), examples of the

'coarse' phenotype (author's collection) are associated with

almost in situ corals atWhitewall Corner Quarry, near Mal-

ton (assoc. fauna p. 157). In the Ringstead Coral Bed

(Pseudocordata zone) both 'coarse' and 'intermediate'

phenotypes are found but the former become relatively more

common to the east, paralleling an increase in the abundance

of corals (Fürsich, 1976). There are no records of Ch. (Ch.)

textoria from the Oxfordian part of the Oxford Clay.

The 'coarse' phenotype is quite common in the Oxfordian

coral reefs developed in the Swiss Jura (de Loriol, 1 893) and

the Yonne (MNP, assoc. fauna, p. 88). At least in the latter

area specimens exhibiting the 'fine' phenotype (reaching a

maximum height of 46 mm[MNP]) are also quite common in

non-reef biomicrites. The 'intermediate' phenotype is absent

from both areas.

Ch. (Ch.) textoria does not appear to be common else-

where in the Oxfordian.

In the marly limestones of the Baden Beds (Kimmeridgian)

in the Swiss Jura 'intermediate' phenotypes of Ch. (Ch.) tex-

toria are quite common (de Loriol, 1878). Only seven of the

nineteen museumspecimens (GPIT [14], GPIG [4], BSPHG)

which are undoubtedly derived from similar facies in the

U. Jurassic of the Swabian Jura exhibit this phenotype (H max :

39, GPIT). The remainder is made up of specimens displaying

the 'fine' phenotype (H max : 36, BSPHG). Both the 'inter-

mediate' (Dollfus, 1863) and 'coarse' (de Loriol and Pellat,

1875) phenotypes are recorded from clays in the Kimmerid-

gian of the Boulonnais but the numbers are indeterminate and

probably small.

Ch. (Ch.) textoria is recorded from Kimmeridgian coral-

liferous facies in Franconia (Boehm, 1881a) and the Jura

(Contejean, 1859; Thurmann and Etallon, 1862) but is un-

known at La Rochelle. In the L. Tithonian reef complex at

Neuburg (assoc. fauna, p. 88) the species is common

(Yamani, 1975). 'Coarse' and 'intermediate' phenotypes ap-

pear to be about equally frequent but the 'fine' phenotype is

represented by only two specimens. By contrast.of the eleven

museum specimens (GPIT [9], BSPHG [2]) derived from

L. Tithonian reef complexes elsewhere in S. Germany fully

six exhibit the 'fine' phenotype. The remainder is made up of
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three 'coarse' and two 'intermediate' phenotypes. Gemmel-

laro and Di Blasi (1874) record seven specimens of

Ch. (Cb.) textoria from contemporaneous coralliferous

facies in Sicily of which six exhibit the 'coarse' and one the 'in-

termediate' phenotype. Boehm (1883) records 60 representa-

tives of the 'coarse' phenotype from U. Tithonian reef lime-

stones at Stramberg. Only one example of the 'intermediate'

(BSPHG) and none of the 'fine' phenotype are known from

this horizon and locality. In other Tithonian reef facies in

Languedoc (Yin, 1931) and the Maritime Alps (Kilian and

Guebhard, 1905) Ch. (Ch.) textoria is represented solely by

the 'coarse' phenotype. However in Isere (Faure-Marguerit,

1920) the 'fine' phenotype seems also to be present.

Staesche (1926) reports common examples of the 'coarse'

phenotype from the Brenztaloolith, an oolite passing laterally

into cora\/ Diceras facies in the L. Tithonian of S. W. Ger-

many. A single specimen from the 'Portlandian' of the Yonne

(Dechaseaux, 1936) is the only record of Ch. (Ch.) textoria

from any horizon in the Jurassic where the associated fauna

(in this case an abundance of Cyrena and Corbula [Arkell,

1956]) is indicative of reduced salinity.

8. INTERPRETATION OF ECOLOGY

The strong correlation, apparent from Section 7, between

the occurrence of the 'coarse', 'intermediate' and 'fine'

phenotvpes and the existence of respectively reefs, non-reefal

arenites and argillaceous Sediments is the basis for considering

that the majority of the Variation exhibited by Group 3

(p. 161) is ecophenotypic and is concordant with the view

that all members of Group 3 belong to the same species, Ch.

(Ch. textoria. The lack of a strict phonotype facies corres-

pondence does not necessarily weaken the grounds for this

dual hypothesis since there is no reason to suppose that the

boundaries of the phenotypes, arbitrarily defined at the out-

set, should agree perforce with the limits of Variation in each

facies.

The relatively large number of 'intermediate' phenotypes at

Neuburg may merely reflect the development of inter-reef

arenites while the high proportion of 'fine' phenotypes from

other reef complexes in S. Germany may simply reflect the

development of inter-reef argillites. It is also not unreasonable

to suggest that the numerous examples of the 'coarse'

phenotype in the Brenztaloolith are derived from nearby

reefs. However, derivation from reefs is an implausible expla-

nation for the high proportion of 'coarse' phenotypes in the

Aalenian of Lorraine. The nearest reefs are apparently some

250 km away, in Nievre (Arkell, 1956). Furthermore the ex-

clusive occurrence of the 'coarse' phenotype in the Bradford

Abbas Fossil Bed is not matched by the presence of a reef-

derived fauna. Similarly there is no evidence of nearby sand-

grade Sediments to explain the exclusive occurrence of the 'in-

termediate' phenotype in the Baden Beds. 1t may be however

that some environmental variable which is itself only loosely

related to sedimentary facies is the real determinant of the

phenotype adopted by Ch. (Ch.) textoria. Thus, until such

time as their environments are more fully characterised and

shown to be indistingushable from those of Sediments con-

taining the 'normal' phenotype for the facies, these few excep-

tions imply no need to assume that morphology is not con-

trolled by the environment nor do they require rejection of

the single species hypthesis advanced on p. 161.

An example illustrating the need for detailed facies analysis

is provided by the reef-like stuctures at St. Aubin, colonised

by examples of Ch. (Ch.) textoria exhibiting the 'coarse'

phenotype. The vertical elongation of the sponge masses sug-

gests that an upstanding framework existed and since such

was undoubtedly the case in most coral accumulations con-

taining the 'coarse' phenotype it is tempting to attribute the

development of the 'coarse' phenotype to this factor. How-
ever, closer analysis of the Sediments at St. Aubin indicates

that the sponge masses had a relief of no more than a few cen-

timetres above the sea bed and that their vertically elongated

shape is the result of upward growth to keep pace with

Sedimentation (T. J. Palmer, pers. comm., 1978; see also T.

Palmer and Forsich [1981]). It therefore seems more likely

that the development of the 'coarse' phenotype is due to

growth in a partially enclosed habitat (see Section 9). This ex-

planation incidentally also obviates the need to make the as-

sumption, implicit thus far but possibly invalid in the cases of

the Ringstead and Campagnettes Coral Beds, that coral ac-

cumulations which themselves had little palaeo-relief but

which contain the 'coarse' phenotype of Ch. (Ch.) textoria

were derived from unexposed structures of genuine reefal di-

mensions.

The fact that in roughly contemporaneous samples from

each of the Sinemurian and Toarcian, individuals with the

'fine' phenotype attain a larger size than those with the inter-

mediate phenotype, provides strong support for the view (see

p. 163) that Variation in the number of plicae is an adaptive re-

sult of developmental flexibility. Tho only case where stunt-

ing may yet be invoked is for the very small, finely or-

namented and questionably conspecific specimens from the

L. Oxford Clay. Here the small size and low diversity of the

associated benthic faunal elements (Duff, 1975) suggests that

conditions were unfavourable for growth, probably as a result

of low oxygen tension.

The absence of Ch. (Ch.) textoria from deep water pelagic

limestones in the M. and U. Jurassic of the peri-Mediterra-

nean region indicates that soupy Substrates were not accept-

able. However, the occurrence of the species in the U. Toar-

cian of Swabia, where the reduced density and diversity of the

benthic fauna is probably the result of Sediment instability,

signifies at least some tolerance in this direction.

Apart from restrictions imposed by soft Substrates, low

oxygen tension and reduced salinities Ch. (Ch.) textoria

seems to have been a remarkably eurytopic species. However,

facies which were colonised at one time were not always oc-

cupied at another.

The absence of the species from reefal facies in the

U. Pliensbachian of Morocco may perhaps be explained by

competitive inferiority to the essentially Tethyan bivalves

Pseudopecten (Ps.) dentatus, Ps. (Ps.) veyrasensis, Lithiotis

and Pachyrisma which occur there.

The invocation of competitive inferiority, in this case to

Radulopecten vagans and R. fibrosus, also goes a long way

towards explaining the localised distribution of Ch. (Ch.)

textoria in suitable shallow water facies at later horizons in the

Jurassic. The rarity of the species in anything but coralliferous
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and spongiferous deposits in the Bathonian is matched by a

corresponding abundance of R. vagans while the rarity of

Ch. (Ch.) textoria in Callovian sands and L. Oxfordian

biosparites in Yorkshire, some M. Oxfordian oolites and bio-

sparites in Oxfordshire, and in the M. and U. substages of

the Oxfordian in Dorset is paralleled by the frequent occur-

rence of R. fibrosus. However, the restricted occurrence of

Ch. (Ch.) textoria in U. Jurassic argillaceous Sediments,

which contrasts markedly with its even distribution in such

facies in the Lias, is not readily explicable by a competitive

reaction and seems to imply an evolutionary reduction in tol-

erance. It is tempting to relate this to the species population

size bottle-neck which must have accompanied the reduction

in geographic ränge and patchy distribution of Ch. (Ch.) tex-

toria in the Toarcian and Aalenian (see Sections 5, 6).

The rarity of the species in U. Pliensbachian ironstones in

England and similar facies in the Aalenian of England and

Germany cannot be explained by competitive inf eriority or an

evolutionary reduction in tolerance since almost identical Sed-

iments with a comparable fauna in the Sinemurian of England

and the Toarcian and Aalenian of France contain numerous

examples of Ch. (Ch.) textoria. Neither can these factors be

invoked to aecount for the absence of the species from

U. Pliensbachian sands in England since comparable facies

were colonised by the species in the Sinemurian and Callovian.

At present no alternative explanation for these anomalous ab-

sences is available. Likewise no plausible explanation can be

offered for the lack of Ch. (Ch.) textoria in coral patch reefs

at La Rochelle. An appeal to the exceptionally high density of

these reefs, such as has been made to aecount for the corres-

ponding rarity of the reef-inhabiting species Spondylopecten

subspinosus (see p. 88) is ruled out by the fact that Ch. (Ch.)

textoria oecurs abundantlv in similarly dense struetures at

Malancourt.

Disregarding those times when the lack of a particular

phenotype is merely the result of the inability of Ch. (Ch.)

textoria to colonise the relevant facies (see above) the rarity of

the 'coarse' phenotype in the L. Jurassic and Callovian, of the

'intermediate' phenotype in the L. Pliensbachian and of the

'fine' phenotype in the M. Jurassic can be attributed to the

poor development of respectively 'reefs', non-reefal arenites

and argillaceous Sediments at these times. The lack of the 'in-

termediate' phenotype in the Oxfordian of the Yonne has yet

to be explained. Appropriate facies were apparently well de-

veloped (Megnien et al., 1970).

9. FUNCTIONALMORPHOLOGY

The moderate to large byssal noteh of Ch. (Ch.) textoria

indicates that the species was byssally attached for at least the

earlier parts of ontogeny. The maximum height of 93.5 mm
(GPIT 2-92-3) in the 'coarse' phenotype is comparable to that

in the close morphological analogue Gloripallium pallium, a

Recent species which remains byssate beneath coral heads

throughout ontogeny (Waller, 1972 b). The maximum

height of 80 mm(YM 570) attained by the 'intermediate'

phenotype is not approached by any Recent morphological

analogue although Cb. varia, an ecological analogue, is

known to reach a height of 63.5 mm(Tebble, 1966) and to

remain bvssate throughout ontogeny (Soemodihardjo, 1974).

The maximum height of 73.5 mmin the 'fine' phenotype is

exceeded by the Recent morphological analogue. Ch. island-

ica (Wiborg, 1963) but it is not clear whether byssal attach-

ment is maintained at these sizes.

The reduced convexity and ornament of the right valve in

Ch. (Ch.) textoria is paradigmatic for tight fixation during at

least some penods in life.

All three of the above analogues are reported to be capable

of swimming although Ch. islandiea seems to be more profi-

cient than the others.

The larger plical amlitudes of Ch. (Ch.) textoria in organic

build-ups almost certainly conferred greater strength on the

shell and may therfore have been developed as part of a 'siege'

policy towards predators. The more strongly developed com-

arginal lamellae on the left valve could have contributed to

such a policy by gripping the Substrate and preventing extrac-

tion from crevice type microhabitats, in much the same way as

short spines prevent extraction of the Recent species Ch. dieff-

enbachi from sponges (Beu, 1966). The low plical amp-

litudes, smaller comarginal lamellae and lower H/UA ratios

of Ch. (Ch.) textoria in argillaceous Sediments would have

inereased streamling and thrust/weight ratio, and hence

swimming ability, and may therefore have been developed in

line with a 'fugitive' policy towards predators. It is however

difficult to aecount in these terms for the development of an

intermediate morphology in arenaeeous facies save as a means

of facilitating a Joint 'siege'/'fugitive' policy. Indeed, while

detracting from a 'fugitive' policy, the relatively large comar-

ginal lamellae of forms from arenaeeous compared to argil-

laceous facies could have done nothing to enhance a 'siege'

policy in the lack of an enclosed habitat. Moreover there is no

a priori reason, except perhaps in the case of organic build-

ups, why different policies towards predators should have

been adopted in each facies. A completely different order of

explanation for the relationship between phenotype and facies

in Ch. (Ch.) textoria may therefore be required. Camou-

flage, relating to the 'grainsize' of the Substrate, seems the

most likely alternative.

10. ORIGINS AND EVOLUTION

Since Ch. (Ch.) textoria is known from the lowest zone in

the Jurassic its origins probably lie in the Triassic. Two

speeimens (BM unnumbered; L705, PI. 8, Fig. 4) from the

Muschelkalk of S.W. Germany appear to be within the

phenotypic ränge of Ch. (Ch.) textoria and may therefore in-

dicate that the species was in existence in the M. Triassic.

Staeschi (1926) has suggested that Ch. retieulata

(S( hlotheim), a species from the same horizon, may have

been the ancestor while Dechaseaux (1936) has proposed

'Pecten' tenuistriatus Münster for the same role. The latter

author cites two species from the Cretaceous, Ch. Goldfussi

(Deshayes) and Ch. Archiaciana (d'Orbigny), as possible de-

scendants of Ch. (Ch.) textoria.

Maximum height appears to undergo a random oscillation

from the Sinemurian (53 mm)to the L. Pliensbachian (73.5 mm)

to the U. Pliensbachian (88 mm) to the Toarcian (73.5 mm) to

the Aalenian (62 mm) to the Bajocian (74.5 mm) to the

Bathonian (50 mm) to the Callovian (67 mm) to the Oxfordian

(82 mm) to the Kimmeridgian (72 mm; Dollfus, 1863) to the

Tithonian (93.5 mm); GPIT 2-92-3).
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Text fig. 158: Chlamys (Ch.) valoniensis - height/length.

Chlamys (Chlamys) valoniensis (Defrance 1825b)

PI. 9, Figs. 1-6; textfigs. 158-166

Synonymy

1825b Pecten Valoniensis sp. nov; DEFRANCE, p. 507,

pl. 22, fig. 6.

? 1838 Pecten lugdunensis sp. nov; MlCHELIN in L.EY-

MERIE, p. 346, pl. 24, fig. 5.

1838 Pecten Valoniensis DEFRANCE;LEYMERIE, p. 368,

pl. 24, fig. 6.

?pv* 1851 Pecten acutauntus sp. nov; SCHAFHAUTL, p. 416,

pl. 7, fig. 10.

? 1855 Pecten dispar sp. nov; TERQUEM,p. 323, pl. 23,

fig. 6.

v ::
' 1858 Pecten cloaanus sp. nov; QlIENSTEDT, p. 31,

pl. 1, figs. 33, 34.

v"? 1858 Pecten disparilis sp. nov; QuENSTEDT, p. 47,

pl. 4, figs. 8, 9.

1860 Pecten Talgen Merian; Stoppani, p. 76, pl. 14,

fig. 3.

? 1860 Pecten janiriformis sp. nov; STOPPANI, p. 76,

pl. 14, figs. 4-6.

? 1860 Pecten aviculoides sp. nov; STOPPANI, p. 77, pl. 14,

fig. 7.

? 1860 Pecten barnensis sp. nov; Stoppani, p. 78, pl. 15,

fig. 2.

? 1860 Pecten Wmkleri sp. nov; STOPPANI, p. 78, pl. 15,

fig. 4.

1 864 Pecten valoniensis DEFRANCE;DuMORTIER, p. 58,

pl. 9, figs. 1-6, pl. 10, figs. 1-3.

(?) 1865 Pecten dispar TERQUEM;TERQUEMand PlETTE,

p. 103.

(?) 1865 Pecten lugdunensis MlCHELIN; TERQUEMand

PlETTE, p. 104.

1866 Pecten Falgen MERIAN; CAPELLINI, p. 479, pl. 5,

figs. 14-19.

? 1866

? 1866

v ::

? 1866

v* 1866

1868

1878

1886

1903

1903

? 1903

(?) 1904

1905

1907

(?) 1907

1909

1925

v 1926

1926

1929

1929

(?) 1929

Pecten aviculoides STOPPANI; CAPELLINI, p. 480,

pl. 5, figs. 20-23.

Pecten janiriformis STOPPANI; CAPELLINI, p. 480,

pl. 6, figs. 1-3.

Pecten Etheridgü sp. nov; Tawney, p. 81, pl. 3,

fig. 4.

Pecten Suttonensis sp. nov; TAWNEY,p. 81, pl. 3,

fig. 3.

Pecten valoniensis DEFRANCE;JaüBERT, p. 260.

Pecten (Chlamys) Ubligi sp. nov; GEMMELLARO
and Dl BLASI in GEMMELLARO,p. 394, pl. 30,

figs. 8, 10.

Pecten valoniensis DEFRANCE;WlNKLER, p. 31.

Pecten (Chlamys) valoniensis DEFRANCE;

Bistram, p. 36, pl. 3, fig. 3.

Pecten (Chlamys) dispar TERQUEM; BlSTRAM,

p. 36, pl. 3, fig. 3.

Pecten (Chlamys) Falgen MERIAN; BlSTRAM,

p. 37, pl. 3, fig. 1.

Chlamys cf. dispar (TERQUEM); COSSMANN,

p. 504.

Pecten valoniensis Defrance; H. Allen, p. 172.

Pecten (Chlamys) valoniensis DEFRANCE; Joly,

p. 24.

Pecten (Chlamys) dispar TERQUEM;JOLY, p. 75.

Pecten (Chlamys) Valoniensis DEFRANCE;

Trauth, p. 91.

Pecten cf . valoniensis DEFRANCE; DUBAR,p. 257.

Chlamys acutaurita (SCHAFHAUTL); STAESCHE,

p. 27, pl. 2, fig. 4.

Chlamys valoniensis DEFRANCE;ROMAN,p. 105.

Pecten (Chlamys) valoniensis DEFRANCE; L.AN-

QUINE,p. 60.

Pecten (Chlamys) janiriformis STOPPANI; LAN-

QUINE, p. 60, pl. 1, fig. 4.

Pecten (Chlamys) Falgeri Merian; Lanquine,

p. 60.
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1936 Pecten (Chlamys) Valoniensis DEFRANCE;Dech AS-

EAUX, p. 27.

( ?) 1936 Pecten (Chlamys) dispar TERQUEM; DECHASEAUX,

p.27.

1945 Chlamys valoniensis (DEFRANCE); VeCCHIA, p. 6.

(?) 1945 Chlamys falgeri (MERIAN); VeCCHIA, p. 7.

1950 Chlamys valoniensis (Dl-I RANCI ); ROMAN,p. 25.

? 1951 Pecten sp; Troedsson, p. (40.

1953 Chlamys valoniensis (DEFRANCE); MOUTERDE,

pp. 311,313,337.

1968 Chlamys valoniensis (DEFRANCE); WOBBER,

p. 306.

1973 Chlamys (Chlamys) ilispar (TERQUEM); L.ENTINI,

p. 24, pl. 14, figs. 8, 9, ?pl. 14, fig. 10; pl. 15, figs.

1,2,4,5.

1975 Pecten acuteauntus SCHÄFHAUTL; MORBEY, text

fig. 2.

The type material of Pecten Valoniensis De-

france 1825b, p. 507, pl. 22, fig. 6 (originally

housed in Caen, France) was destroyed in

the Second World War. Mr. P. Hodges

(University College of Swansea) has obtained

topotype material from the Calcaire de

Valognes (Hettangian) of Normandy with

the intention of designating a neotype.
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Text fig. 159: Chlamys (Ch.) valoniensis - height/umbonal angle.

1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

None given.

2. DIAGNOSIS

Distinguished from both Ch. (Ch.) pollux and Ch. (Ch.)

textoria bv the lack of ornament on the plicae.

3. DESCRIPTION

Disc sub-ovate, higher than long, early in ontogenv, be-

coming sub-orbicular (text fig. 158) near maximum height of

77 mm(ENSM). Umbonal angle variable (text fig. 159), in-

creasing during ontogenv to produce shghtlv coneave dorsal

margins. Disc flanks moderately high and ornamented with

vertical Striae.

Slightlv inequilateral, posterior sector somewhat larger; in-

equivalve, left valve moderately convex, right valve almost

flat.

Intersinal distance greater in left valve than right, increasing

at a decreasing rate in both (text figs. 1 60, 161). Depth of bys-

sal noteh variable, moderate to large (text fig. 162).

Auricles well demarcated from disc, approximately equal in

size. Anterior auricles meeting hinge line at an acute angle;

posterior auricles meeting hinge line at an obtuse angle. An-

terior auricle of right valve meeting disc at an acute or right

angle; remaining auricles meeting disc at an acute angle. An-

terior auricles bearing 4-6 radial costae.

Height of anterior auricle and lengh of anterior hinge in-

creasing at a markedly decreasing rate (text figs. 163, 164).

Length of posterior hinge increasing with similar but less

marked allometrv (text fig. 165).
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Text fig. 161: Chlamys (Ch.) valoniensis - intersinal distance on right valve/length.

Both valves bearing a variable number of radial plicae

(PI. 9, figs. 1-6), increasing in number by intercalation from

between 20 and 30 early in ontogeny. Right valve with 31-36

at L:20, about 39 at L: 40, about49at L:60, uptoamaximum

of 52 at L: 67.5 (ENSM). Left valve with 36-45 at L: 20, 44-65

at L: 40, 52-72 at L: 60, up to a maximum of 79 at L: 68

(ENSM).

Shell thickness moderate.

4. DISCUSSION

The original figure of 'Pecten' Valoniensis Defrance is a

poor reproduction of an internal view of a left valve. Metrie

proportions ( 1 ) plot within the ränge of the species described

in Section 3 and Leymerie (1838) and Dumortier (1864), both

French authors who may have had access to the type material,

have applied the name to figured speeimens which undoubt-

edly belong to the latter species. Bearing this in mind and the
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Text fig. 163: Chlamys (Ch.) valoniensis - height of anterior auricle/length.

fact that the horizon of derivation (Calcaire de Valognes) is

one from which numerous examples of the species described

in Seetion 3 have been recovered (see Section 7), Defrance's

name can be confidently applied as senior synonym to the lat-

ter species, despite the lack of diagnostic features in the origi-

nal figure. Mr. P. Hodges will shortly be designating a

neotype (see above).

The original figure of 'P. ' lugdunensis Michelin is very rem-

iniscent of Pseudopecten (Ps.) equivalvis (q. v.). However,

DuMORTiER (1864), who appears to have examitied the type

material, has stated that Ml< helin's species is in fact equival-

ent to Ch. (Ch.) valoniensis and this view has been taken by

later authors (e. g. Staesche, 1926) who may also have ex-

amined the type material. The anomalously low number of

plicae in the right valve (25 at L: 45.5) and the high I R/L (2) of

the original figure in comparison to Ch. (Ch.) valoniensis

might be the result of respectively, preservation as an internal

mould and inaccurate Illustration. In view of the somewhat

equivocal position of Michelin's species, Terquem and Piet-

te's (1865) unillustrated record of TV lugdunensis can only

tentatively be placed in synonymy,

The original figure of 'P.' acutauritus Schafhäutl seems to

depict an abraded specimen of Ch. (Ch.) valoniensis and

«hat is apparently one of Schafhautl's syntypes (BSPHG;

AS IX 42; PI. 9, Fig. 3) undoubtedly belongs to the latter

species. Metrie proportions of the original figure (3) are in-

separable from Ch. (Ch.) valoniensis.

The original figure of 'P. ' dispar Terquem depicts a right

valve with 41 plicae at L: 42 which has resemblances to both

Ch. (Ch.) valoniensis and Ch. (Ch.) textoria. The specimen

referred toTERQUFvi's species by Bistram (1903) undoubtedly

belongs in Ch. (Ch.) valoniensis and all but one (pl. 14,

fig. 10, which has imbricate lamellae and is thuscloserto Ch.

(Ch.) textoria) of Lentini's (1973) examples of Ch. (Ch.) dis-

par are similarly referable. However, in view of the fact that

Ti rquem's original figure has an abnormally high I L /L and
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AH/L (4) some doubt must remain as to his hypodigm until

the type material is located. With the possibility of confusion

unillustrated records of Terquem's species in Terquem and

Piette (1865), Cossmann (1904), Joly (1907) and Dechaseaux

(1936) can only tentatively be placed in synonymy.

It has proved impossible to trace the original reference to

'P.' Falgeri Merian. Specimens figured under this name by

Stoppani (1860) and Capellini (1866) are clearly representa-

tiveof Ch. (Ch.) valoniensis but Bistram's (1903)figurebears

some resemblance to Pseudopecten (Ps.) equivalvis. It is not

clear which, if any, of these authors has examined the type

material so the position of Merian's species is uncertain. Con-

sequently unfigured records of his species in Lanquine (1929)

and Vecchia (1945) can only be provisionally synonymised.

The position of 'P.' janmfor>nisS70\>VKH\ is also in doubt.

Although the original figure is available and resembles Ch.

(Ch.) valoniensis, Capellini (1866), who worked in the same

field area (N. Italy) as Stoppani and who may have examined

the latter's type material, has applied his specific name to

specimens which are closer to Ch. (Ch.) textoria. Whether or

not they correspond to the original hypodigm for 'P.

'

janinformis, specimens referred to this species by Lanquine

(1 929) undoubtedly fall within the present author's concept of

Ch. (Ch.) valoniensis.

Capellini has also applied 'P.' aviculoides Stoppani, a

species founded on a fragment resembling Ch. (Ch.) val-

oniensis, to a specimen which has closer affinities with Ch.

(Ch.) textoria. With this uncertainty over the position of

Stoppani's species 'P. ' barnensis and 'P. ' Winkleri, both of

which show similarities to Ch. (Ch.) valoniensis, are best

treated as only provisional synonyms.

The sole observed syntype of 'P. ' cloacinus Quenstedt

(GPIT 2-1-33; PL 9, Fig. 5) is indistinguishable from Ch.

(Ch.) valoniensis by the number of plicae on the left valve (44

at L: 36) and by metric proportions (5). The number of plicae

in 'P.' Suttonensis Tawney (sole observed type, IGS 7830;

PI. 9, Fig. 4) and 'P.' Uhligi Gemmellaro and Di Blasi has

not been measured but appears to be within the ränge of Ch.

(Ch.) valoniensis of comparable size. Metric proportions (6

and 7 respectively) are indistinguishable from the latter

species.

TV sp.; Troedsson was compared with Ch. (Ch.) val-

oniensis and in view of the horizon of derivation (Rhaetic) it

seems very likely to be a representative of this species.

The affinities of 'P. ' dispanlis Quenstedt and

'P.
' Etheridgü Tawney are discussed under Camptonectes

(C.) suhulatus.
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Text fig. 164: Chlamys (Ch.) valoniensis - anterior hinge length/length.

5. STRATIGRAPHIC RANGE

Ch. (Ch.) valoniensis is first recorded from the L. Rhaetic

Westbury Formation of Glamorgan and Gloucestershire,

where it is common. In the U. Rhaetic Lilstock Formation of

the same area it is rare but records from the 'Rhaetic' of Lom-

bardy (Stoppani, 1860), Spezia (BM L14938), Provence

(Lanquine, 1929), the Pyrenees (Dubar, 1925), Belgium (Jo-

ly, 1907) and Swabia (GPIG, GPIT) may include specimens

from equivalent horizons as also may records from the

'Rhaeto-Lias' of Spezia (Capellini, 1866) and Lombardy

(Vecchia, 1945). The species occurs almost throughout the

type section of the Rhaetian in the Kendelbach Gorge, Aus-

tria (Morbey, 1975).

In the Jurassic Ch. (Ch.) valoniensis is known from the

Planorbis zone (Hettangian) in the Rhone Basin (Dumortier,

1864; Roman, 1926), N. Italy (Bistram, 1903) and S. Wales

(Wobbfr, 1968). 'Hettangian' records from S. France

(Leymerie, 1838; Jaubert, 1868; Roman, 1950), E. France

(Dechaseaux, 1936) and N. W. France (Dei-rance, 1825b)

probably also stem from this zone. The species is known from

the Angulata zone of Bavaria (Winkler, 1886) but specimens

recorded by Terquem and Piette (1865) from this horizon and

from the Sinemurian in E. France are only possibly con-

specific (see Section 4). There is however no reason to doubt

the conspecific Status of at least some of the specimens rec-

orded by Dechaseaux (1936) from the Sinemurian of Lor-

raine. Since the latter is the latest stage-defined record of Ch.
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Text fig. 165: Chlamys (Ch.) valoniensis - posterior hinge length/length.

(Cb.) valoniensis it is doubtful whether 'L. Luis' records in

Gl mm1 1 1 aro( 1878) and Trauth (1909) include any specimens

from the L. Pliensbachian.

6. GEOGRAPHICRANGE

Cb. (Cb.) valoniensis occurs widely in Europe (text

fig. 166) but elsewhere is known onlv from one questionably

conspecific specimen (BM L72S64) from Iran.

7. DESCR1PTIONOF ECOLOGY

In the Westbury Formation (L. Rhaetic) Ch. (Cb.) val-

oniensis occurs most abundantly in thin limestones contain-

ing numerous examples of the bivalves Rhaetavu ula contorta

and Placunopsis alpina. 1t is however also found in car-

bonaceous and pyritous shales containing, in addition Co

R. contorta and Pia. alpina, Eotrapezium, Lyriomorphia,

Protocardia, Ttitcheria and the gastropod 'Natica' (Ivimey-

Cook, 1974). Ammonites are absent throughout the forma-

tion and brachiopods, bryozoa, crinoids and corals are rare.

In the overlying Lilstock Formation, where Cb. (Ch.) val-

oniensis is rare (D. Jones, pers. comm., 1978) the fauna is

even more reduced in diversity with Liostrea, Modiolus and

Plagiostoma the only important molluscan elements.

The number of specimens involved in other Rhaetic records

is not clear but the species may well be common in N. Italy

(see Sections 4,5). The maximum height attained in the Rhae-

tic is 63.5 mm(BM 50031).

In the Hettangian of Glamorgan Cb. (Ch.) valoniensis is

common in nearshore lithoclast sands containing numerous

bryozoa, brachiopods, and corals but few ammonites (Wob-

ber, 1968). The species also occurs in thin clay interbeds but

passing eastwards into a continuous offshore argillaceous se-

quence containing a more diverse ammonite and bivalve fau-

na, it becomes progressively rarer.

Text fig. 166: Chlamys (Ch.) valoniensis - European distribution.
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Ch. (Ch.) valoniensis is common in the Gresten Beds

(L. Lias, Austria); littoral sands, shales and limestones bor-

dering the Palaeozoic massif of Bohemia and containing

numerous examples of Ch. (Ch.) textoria and Pseudopecten

(Trauth, 1909). The species also occurs commonly (H max :

77, ENSM) in the Calcaire de Valognes (Hettangian, Nor-

mandy) which may represent a similar littoral facies de-

veloped at the margins of the Brittany massif. Ch. (Ch.) pol-

lux is an associated faunal element (Dumortier, 1864).

Dechaseaux (1936) reports numerous examples of Ch.

(Ch.) valoniensis from nearshore sands in the Hettangian of

Lorraine.

The species is not known to be common elsewhere in the

L. Lias but the number of records from the Hettangian of

S. France (see Section 5) suggests that it is by no means rare in

the latter region. The stage is usually developed in limestones

and marls overlying the Palaeozoic basement. Ch. (Ch.) pol-

lux and Pseudopecten are also recorded (Roman, 1950;

Mouterde, 1953).

There are no records from the Hettangian of Portugal

where the reduced diversity bivalve fauna (dominated by

Isocyprina and mytilids) is indicative of abnormal salinity

(Böhm, 1901). Similar facies in the Hettangian of

N. W. Germany are also lacking in Ch. (Ch.) valoniensis

(Huckriede, 1967).

8. INTERPRETATION OF ECOLOGY

It is apparent from Section 7 that Ch. (Ch.) valoniensis

favoured nearshore environments although in such situations

both clay-grade and sand-grade Substrates were colonised.

Anaerobic conditions (pyritic and carbonaceous horizons in

the Westbury Formation) were apparently tolerable but mark-

edly abnormal salinities (Lilstock Formation; Hettangian of

Portugal and N. W. Germany) were not. The reduced diver-

sity fauna of the Westbury Formation may be indicative of

slightly reduced salinity (D. Jones, pers. comm., 1978) so the

common occurrence of Ch. (Ch.) valoniensis could imply a

measure of euryhalinity. However the absence of at least am-

monites could merely be due to the shallow water deposi-

tional environment thus eurytopy in Ch. (Ch.) valoniensis

may extend no further than a tolerance of a variety of fully

marine nearshore situations.

The fact that in the Westbury Formation Ch. (Ch.) val-

oniensis occurs most abundantly at horizons with the lowest

faunal diversity is suggestive of an opportunistic adaptive

strategy (Lfvinton, 1970).

Co-occurrence of Ch. (Ch.) valoniensis and the closely re-

lated species Ch. (Ch.) pollux indicates that even if there was

any tendency for the species to compete, it was suppressed by

niche partitioning. The latter may have been effected by the

use of different byssal attachment sites (see Section 9 and p.

187).

9. FUNCTIONALMORPHOLOGY

The moderate to large byssal notch and low convexity right

valve of Ch. (Ch.) valoniensis are adaptive for tight byssal

fixation. However ontogenetic decrease in the relative length

of the anterior auricle would have progressively reduced the

efficiency of the byssus so it is doubtful whether the species

could have remained attached in the adult stage.

The great majority of extant byssally attached pectinids ap-

ply the byssus to a hard Substrate and there is no reason to

suppose(cf. Ch. (Ch.) pollux) that Ch. (Ch.) valoniensis dit-

fered from this practice.

The relatively greater convexity of the left valve in Ch.

(Ch.) valoniensis is paradigmatic forswimming. Ontogenetic

increase in the umbonal angle probably served to maintain ef-

ficient swimming in the adult stage.

Intercalation of plicae is paradigmatic for the maintenance

of shell strength and stiffness with increasing size. However,

in view of the fact that many much larger pectinids do not ex-

hibit plical intercalation it must be doubted whether this

was its sole function in Ch. (Ch.) valoniensis.

10. ORIGINS ANDEVOLUTION

No obvious ancestors for Ch. (Ch.) valoniensis present

themselves in the Triassic.

Within the species there appear to be no phyletic trends

apart from an increase in maximum height from the Rhaetic

(63.5 mm) to the Hettangian (77 mm).

Thepost-Planorbis zonedeclineof Ch. (Ch.) valoniensis is

approximately correlated with the rise of Ch. (Ch.) textoria

and Pseudopecten. However, the possibility of a causal con-

nection in terms of competition is rendered unlikely by the

fact of the co-occurrence of the former with each of the latter.

Chlamys (Chlamys) pollux (d'Orbigny 1850)

PI. 9, Figs. 7, 8; text fig. 167

Synonymy

v* 1850 Pecten Pollux sp. nov; D'ORBIGNY, v. 1, p. 220

(BOULE, 1907, v. 2, p. 267, pl. 23, figs. 16, 17).

1864 Pecten Pollux D'Orbigny; Dumortier, p. 65,

pl. 10, figs. 11, 12, pl. 11, figs. l^t.

1876 Pecten pollux D'ORBIGNY; Täte and BLAKE,

p. 362.

1891 Pecten amphiarotus sp. nov; Dl STEFANO, p. 62.

1894 Pecten pollux d'Orbigny; Woodward, p. 360.

non 1909 Pecten amphiarotus Dl STEFANO; TRAUTH, p. 90,

pl. 2, fig. 17.

1936 Aequipecten pollux (D'Orbigny); DECHASEAUX,

p. 41.

1950 Chlamys Pollux (D'ORBIGNY); Roman, p. 25.

1953 Pecten pollux D'ORBIGNY; MOUTERDE,p. 3 1 1

.

? 1973 Chlamys (Aequipecten) amalthea (Oppel); LEN-

TINI, p. 27, pl. 15, fig. 9 (non Oppel sp.).

1973 Chlamys (Aequipecten) cfr. Pollux (D'ORBIGNY);

LENTINI, p. 27, pl. 16, fig. 1.

Lectotype of Pecten Pollux d'Orbigny 1850,

v. 1, p. 220 designated herein; MNS1591;

figured Boule, 1907, pl. 23, fig. 16; H: 35,

L: 31, I R : 17, N: 4, AH: 12, PH: 9, HAA: 7,

PL: 24; Sinemurian, Pouilly (Cöte d'Or).

Paralectotype; MNS1591A; figured Boule,

1907, pl. 23, fig. 17; also Sinemurian, Pouilly.
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1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'Tres-belle expece ä grosses cötes inegales, dont quelques-

unes sont porvues de tres-longues pointes tubuleuses. Au-

dessous de l'O. arcuata, ä Pouilly (Cöte d'Or).'

2. AMENDEDDIAGNOSIS

Distinguished from both Ch. (Ch.) textoria and Ch. (Cb.)

valoniensii by the presence of long tubulär spines.

3. AMENDEDDESCRIPTION

Shape essentially similar to Ch. (Ch.) valoniensii. Differ-

ing only by the somewhat larger H/UA, by the slight on-

togenetic reduction in the relative size of the byssal notch and

by the tendency for the anterior auricles to meet the hinge line

at a right angle.

Both valves ornamented with between 22 and 27 (usually

24) rounded radial plicae. Those on right valve low, equal in

size, and up to 50% bearing tubulär spines up to 5 mmin

length, set at intervals of about 5 mm(PI. 9, Fig. 7). Those on

left valve markedly unequal in size, 5-7 being larger and bear-

ing robust tubulär spines up to 10 mmin length, spaced at in-

tervals of about 10 mm(PI. 9, Fig. 8). Spines absent from

both valves at shell heights below about 1 mm. Sulci equal in

width to plicae; both traversed by closely spaced fine comar-

ginal Striae.

Hinge line of right valve bearing dorsally directed spines up

to 5 mmin length, spaced at intervals of 2-3 mm.

Shell thickness moderate. Maximum height 53 mm
(BM L65791).

4. DISCUSSION

The two syntypes of 'Pecten' Pollux d'Orbigny are both

rightvalves, oneof which (MNS 1591) is well preserved while

the other (MNS 1591 A) is somewhat abraded. The former is

herein designated as lectotype. Although brief, d'Orbigny's

(1850) diagnosis and description could refer to no Sinemurian

pectinid other than the species described in Section 3. There is

consequently no doubt that the first taxonomically valid use

of 'P.' pollux was in 1850 (see ICZN Opinion 126) and that

therefore d'Orbigny's species is the senior synonym for the

species described in Section 3.

Di Stefano (1891) provided no illustration of 'P.' am-

phiarotus but mention in the description of spines and un-

equal plicae leaves little doubt that the species (from the

L. Lias) is synonymous with Ch. (Ch.) pollux. Trauth's

( 1 909) misapplication of Di Stefano's specific name is discus-

sed under Pseudopecten (Ps.) dentatus.

Since Lentini (1973) referred to 22 'ribs' in his description

of Ch. ('Aequipecten') amalthea (Oppel) his use of this

specific name is undoubtedly outside Oppel's (1858)

hypodigm (= Propeamussium (P.) pumilum). The figured

specimen (from the L. Lias) appears to exhibit abraded spines

and therefore may well be conspecific with Ch. (Ch.) pollux.

5. STRATIGRAPHIC RANGE

A few specimens of Ch. (Ch.) pollux are known from the

uppermost Trias of the N. Calcareous Alps(BSPHG). In Bri-

tain the earliest records of Ch. (Ch.) pollux are from the

White Lias (= pre Planorbis beds, lowermost Hettangian

sensu Poole [1979]) of the Bristol area (BM L74405,

L77279, L77312, L77313, L78402).

In Planorbis zonedeposits Ch. (Ch.) pollux is known from

a number of localities in England (Täte and Blake, 1876;

Woodward, 1894) and is reported to be common in the

Rhone Basin (Dumortier, 1864).

Roman (1950) reports commonexamples of Ch. (Ch.) pol-

lux from undifferentiated Hettangian in the Rhone Basin and

Dumortier (1864), Mouterde (1953) and Dechaseaux (1936)

refer to indeterminate numbers of 'Hettangian' specimens

from respectively Normandy, the Rhone Basin and the

E. Paris Basin.

Text fig. 167: Chlamys (Ch.) pollux - European distribution.



187

Sinemurian records are limited to seven specimens from the

Rhone Basin (ENSM [5]; MNS1591, 1591A) and indetermi-

nate numbers of specimens from the Bucklandi zone of Eng-

land (Woodward, 1894).

It is very doubtful whether 'L. Lias' specimens of Ch.

(Ch.) pollux (BM L1548; BSPHG; Di Stefano, 1891; ?Len-

tini, 1973) are derived from horizons higher than the

Sinemurian.

6. GEOGRAPHICRANGE

Ch. (Ch.) pollux is unknown outside Europe. Within

Europe the species occurs over a broad latitudinal ränge (text

fig. 167) but is only known to be common in the Rhone Basin

(Dumortier, 1864; Roman, 1950) and Sicily (Di Stefano,

1891). This suggests a preference for warm waters (however

see Section 8).

7. DESCRIPTION OF ECOLOGY

The common examples of Ch. (Ch.) pollux reported by

Roman (1950) from the Hettangian of the Rhone are derived

from marls containing the bivalves Ch. (Ch.) valomensis,

Pseudopecten (Ps.) dentatus, Plicatula, Plagiostoma and Car-

dima together with crinoids and corals.

Specimens from the White Lias of the Bristol area (see Sec-

tion 5) are derived from fine grained hmestones and are some-

times associated with crinoid debris (e. g. BML77279).

8. INTERPRETATION OF ECOLOGY

The limited available data suggests that Ch. (Ch.) pollux

preferred low energy environments. The apparent rarity of

the species in Sediments indicative of such environments in

N. Europe may be due to a dislike for relatively cool waters

(see Section 6). It may however equally well be a consequence

of the relative rarity of an, as yet unidentified, commensal or-

ganism (see Section 9).

The co-occurrence of Ch. (Ch.) pollux and the probable

ancestor, Ch. (Ch.) valoniensis (also see p. 185), suggests

that any competitive tendencies which the species may have

had were suppressed by niche partitioning (see Section 10).

9. FUNCTIONALMORPHOLOGY

The moderate to large byssal notch and only moderate

adult size (H max : 53) of Ch. (Ch.) pollux suggest that the

species was byssally attached through most, if not all, of on-

togeny . The low convexity of the right valve suggests that Ch.

(Ch.) pollux was tightly fixed. The existence of spines on the

right valve is non-paradigmatic for such a mode of life on hard

Substrates but is adaptive (providing additional purchase) for

tight fixation on soft Substrates. Since spines on the right valve

and a large byssal notch are present in Ch. dieffenbachi, a Re-

cent species which lives within sponges (Beu, 1966) it may be

that Ch. (Ch.) pollux was tightly attached to this or some

other group of soft bodied organisms.

The spinöse Ornament on the right valve of Ch. (Ch.) pollux al-

most certainly did not act as an adaptation for a late ontogenetic re-

clining phase either in the form of an anchor or as a device to prev-

ent sinking into the Sediment (see p. 83). The low environmental

energy and fairly firm Substrates indicated by respectively, argil-

laceous Sediments and a diverse associated epifauna, would have

created no need for either of the above adaptations. Spines on the

left valve could have served no useful purpose for reclining in either

of the above contexts.

10. ORIGINS ANDEVOLUTION

Ch. (Ch.) pollux is almost certainly a descendant of Ch.

(Ch.) valoniensis from which it differs significantly only by

the reduced number of plicae and the presence of spinöse Or-

nament. Since the adult number of plicae in Ch. (Ch.) pollux

is roughly equivalent to the juvenile number in Ch. (Ch.)

valoniensis, Ch. (Ch.) pollux may be neotenous with respect

to this character. The evolution of spinöse ornament cannot

be explained by heterochrony in the absence of ancestral

allometry and suggests therefore that speciation may well

have infolved changes in the structural genome as well as

the regulatory changes implied by neoteny.

Since Ch. (Ch.) pollux appears to arise within the geo-

graphic ränge of Ch. (Ch.) valoniensis the possibility of sym-

patric speciation cannot be ruled out. However, since there is

no evidence that Ch. (Ch.) valoniensis ever attached itself to

the soft-bodied organisms to which Ch. (Ch.) pollux was

presumable restricted (see p. 185 and Section 9), the author

can propose no means by which such sympatric speciation

might have been effected (cf. Camptonectes (Campt ochlamys)

clathratus).

Within Ch. (Ch.) pollux the detection of any definite

phyletic changes in morphology is precluded by the paucity

of specimens available for study. Maximum height may un-

dergo a decrease in the passage from the Hettangian (53 mm;
BML65791) to the Sinemurian (35 mm; MNS1591).

Apart from the extinction of a host organism (see Section 9)

no plausible deterministic explanation is available to account

for the post-Sinemunan extinction of Ch. (Ch.) pollux.

Genus RADULOPECTENRollier 1911

Type species. OD; Rollier 191 1, p. 158; Pecten hemicos-

tatus Morris and Lycett 1853, p. 10, pl. 1, fig. 16; Great

Oolite (Bathonian), Minchinhampton, Gloucestershire.

DIAGNOSIS

Between 4 and 15 initial radial plicae, bearing comarginal

lamellae at all stages of ontogeny on left valve but only in later

stages of ontogeny or not at all on right valve.

Stratigraphic ränge; Jurassic (Aaleman-Tithoman). Geog-

raphie ränge; Europe, Asia, Africa, ?North and Central

America.

DISCUSSION

Since all the Jurassic pectinid species which come under the

Treatise definition of Chlamys (see p. 161) but which do

not belong to Ch. (Chlaniys) seem to form a monophyletic

group they are usefully aecorded a generic distinetion from

Chlamys. The name Radulopecten has been previously ap-



plied at che subgeneric level (e. g. Arkell, 1931a; Co\, 1952;

Duff, 1978) to certain members of this group and it is herein

adopted, with a revised diagnosis (see above), as the generic

name for the complete group.

Within Radulopecten seven groups may be distinguished

on the following basis:

1

.

Left valve lacking plicae early in ontogeny but bearing

about 25 radial Striae of which initially between4 and 14

develop into equal sized plicae (= R. vagans).

2. Left valve lacking plicae early in ontogeny but bearing

about 40 radial Striae of which initially about 1 5 develop

into equal sized plicae (= R. varians).

3. Left valve lacking plicae early in ontogeny but bearing

between 60 and 75 radial Striae of which usually between

5 and 8 develop into equal sized plicae (= R. strictxs).

4. Plicae present at earliest ontogenetic stages, increasing

in number by intercalation. Usually one less plica on

right valve than left; latter bearing between 10 and 13

equal sized Originals (= R. jibrosus).

5. Plicae present at earliest ontogenetic stages, increasing

in number by intercalation and accompanied by radial

Striae. Usually one more plica on right valve than left;

latter bearing between 8 and 1 1 equal sized Originals

(= R. scarburgensis)

.

6. Plicae present at earliest ontogenetic stages, rarely in-

creasing in number by intercalation. 1 1 equal sized orig-

inal plicae on left valve, 12 on right; ornamented with

conical spines (= R. sigmaringensis)

.

7. Plicae arising early in ontogeny. Between 5 and 9 un-

equal initial plicae, rarely increasing in number by inter-

calation but accompanied by radial Striae (= R. in-

equicostatus).

Since the stratigraphic ranges of Groups 1 and 2 have little

or no overlap it is conceivable that the supposed evolution of

the latter from the former occurred without Splitting. How-
ever since the morphological distance between the groups is

quite large and there appear to be no intermediates, the groups

are treated as separate lineages for reasons of convenience.

Similar reasoning applies to the Separation of the undoubtedly

related Groups 5 and 6.

Groups 4, 5 and 7 tend to be restricted to particular facies

(respectively; arenaceous, argillaceous and coralliferous) and

since there is considerable overlap in their ranges of Variation

it may be that they represent ecophenotypes of a single species

as has been suggested for similarly facies-restricted forms as-

signed to Chlamys (Cb.) textona. However, unlike the latter

species, the features distinguishing the groups would have to

have resulted from very early ontogenetic developmental flex-

ibility. Since the author can envisage no way of testing for

such developmental flexibility it seems preferable to treat the

groups as separate species. In any case, at least for Groups 4

and 5, there are considerable differences in geographic dis-

tribution which are difficult to relate to facies and each group

is occasionally found in the facies apparently appropriate to

the other, so it is perhaps more likely that they represent sepa-

rate species. Similar reasoning applies to Groups 2 and 3

where, for example, Buvignier's ( 1 852) records suggest some

morphological overlap.

Notable differences in the mean form of the Ornament be-

tween the latest and earliest populations of Group 4 are attrib-

uted to phyletic evolution within a single species since there

can benodoubt of direct relationship and there is nocom
mg evidence of the contemporaneous existence of t\\ o sepa-

rate lineages (see p. 207). The latest (uppermost Oxfordian

and Kimmeridgian) populations are characterised b\ the de-

velopment of a larger umbonal angle (specimens marked with

a glyph in text fig. 1 87) but this is clearly a simple reflection of

the attainment of greater size.

Differences in the mean form of the ornatnent between ear-

lier and later populations in Groups 1 and 5 can also be inter-

preted as the result of phyletic evolution within single species.

Since however in Group 1 the difference in mean form results

from a change in the relative proportions of two distinct

('striate' and 'non-striate') morphs there is here the possibility

that the difference reflects a shift in the relative abundances of

two quite separate species (see p. 1 92 for a refutation of this ar-

gument).

Radulopecten vagans Q. de C. Sowerby 1826a)

PI. 9, Figs. 9-33, ?Fig. 34; text figs. 168-176

Synonymy

Pecten vagans sp. nov; J. ÜE C. SOWERBY,p. 82,

pl. 543, figs. 3, 4, 5.

Pecten vagans J. de C. Sowerby; Goldfuss,

p. 44, pl. 89, fig. 8.

Pecten vagans J. DE C. SOWERBY;ROEMER,p. 29.

Pecten vagans J. de C. Sowerby; Bean, p. 60.

Pecten Rhetus sp. nov; D'ORBIGNY, v. 1, p. 314

(BOULE, 1912, v. 7, p. 92, pl. 2, fig. 20).

Lima Nenna sp. nov; D'ORBIGNY, v. 1, p. 313

(BoULE, 1912, v. 7, p. 92, pl. 2, figs. 21, 22).

Pecten vagans J. DE C. SOWERBY;D'ORBIGNY,

v. l,p. 314.

Pecten antsopleurus sp. nov; BuVIGNIER, p. 23,

pl. 19, figs. 31-35.

Pecten fibrosus J. SOWERBY;QuENSTEDT, p. 507,

pl. 40, fig. 43 (non J. SowERBYsp.).

Pecten vagans J. DE C. SOWERBY;MORRIS and

LYCETT, p. 8, pl. 1, figs. 12, 12a.

Pecten peregrinus sp. nov; MORRIS and LYCETT,

p.9, pl. l.fig. 14.

Pecten hemicostattts sp. nov; Morris and LYCETT,

p. 10, pl. l.fig. 16.

Pecten vagans J. DE C. SOWERBY;OPPEL, p. 49 1

.

Pecten hemicostatus Morris and Lycett; Oppel,

p.491.

Pecten Tbiirmanni sp. nov; CONTEJEAN, p. 315,

pl. 23, figs. 10-12.

Pecten vagans J. DE C. SOWERBY; COQUAND,
p. 68.

Pecten vagans J. DE C. SOWERBY;DÄMON,pl. 9,

fig. 4.

Pecten Gnesbacbt sp. nov; LYCETT, p. 31, pl. 33,

figs. 6, 6a.

Pecten inaequkostatus PHILLIPS; LYCETT, p. 32,

pl. 33, fig. la(non fig. 1; non PHILLIPS sp.).

Pecten Rushdenensis sp. nov; LYCETT, p. 33,

pl. 33, figs. 4, 4a-c.

Pecten Wollastonensis sp. nov; LYCETT, p. 33,

pl. 33, figs. 2, 2a-c.

Pecten antsopleurus BUVIGNIER; LYCETT, p. 33,

pl. 33, figs. 5, 5a.

Pecten vagans J. DE C. SOWERBY;LAUBE, p. 10,

pl. 1, fig. 10.

v'
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Text fig. 169: Radulopecten vagans - height of anterior auricle/

length.

Seidom above an inch and a quarter wide. It ditfers f rom the

last ['Pecten' vimineus] by having only half the number of

ribs, and in not having the regulär concentric Striae which ap-

pear between the ribs in that. Whenyoung the ribs are but a

little raised, although the scales are then large: a few obscure

rays sometimes appear between the ribs.

This is one of those few shells which appear in several stra-

ta: it is found in clay belonging to the oolite near Bath (fig. 5);

in the Bath or Great Oolite at Hampton, Gloucestershire, and

Bradford, Wiltshire; above the Oolite at Ancliffe, in the

Cornbrash at Chatley (figs. 3 and 4), and in.the Oolite Lime-

stone at Malton.'

2. AMENDEDDIAGNOSIS

Distinguished from R. varians by the smaller number of

initial plicae, from R. strictus by the smaller number of radial

Striae, from R. inequicostatus by the relatively uniform size

of the initial plicae and from all other species of Radulopecten

by the existence of a non plicate phase early in ontogeny.

3. AMENDEDDESCRIPTION

Disc sub-ovate, higher than long, increasing in size isomet-

rically (text fig. 168) to a known maximum height of 50 mm
(OUMJ482 I , BML9 1 533) but possibly reaching heights as

great as 80 mm(see Section 7). Umbonal angle variable (text

fig. 170), increasing only slightly during ontogeny. Disc

flanks moderately high.

Equilateral, usuallv inequivalve with left valve more convex

than right but all variations between latter and forms with

right valve more convex than left. Convexity low - moderate

in both valves. Intersinal distance greater in left valve than

right, increasing with approximate isometry in both (text

figs. 171, 172). Byssal notchdepth variable, usually moderate

(text fig. 173), increasing with approximate isometry.

Auricles well demarcated from disc; size variable (e. g.

PI. 9, Figs. 19, 33) usually moderate, anterior slightly larger

than posterior. Posterior auricles usually meeting hinge line at

90°; anterior auricles meeting hinge line at 90° or less. An-

terior auricle of right valve meeting disc at an obtuse angle;

remaining auricles meeting disc at an acute angle. All auricles

ornamented with comarginal lamellae.

Height of anterior auricle (text fig. 169) and lengths of an-

terior (text fig. 174) and posterior (text fig. 175) hinges vari-

able but increasing with approximate isometry.
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Text fig. 170: Radulopecten vagans - height/umbonal angle.
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Text fig. 171: Radulopecten vagans - intersinal distance on left

valve/length.
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becoming decussate or absent in the sulci. Further plicae add-

ed by intercalation to a maximum number of 16 (BM 65889),

most commonly 9. Height of non-plicate zone extremely var-

iable; from afewto37 mm(BM L76308). Number of plicae at

agiven height extremely variable; 0-11 (GPIG)atH: 10,0-14

(MNP) at H: 15, 0-14 (MNP) at H: 20, 5 (BM 66243) - 14

(MNP) at H: 25, 6 (MNP) - 15 (BM 65889) at H: 30, 7

(MNO) - 16 (BM 65889) at H: 35. Geographically and

stratigraphically separated samples tending, however, to have

a characteristic mean and coefficient of Variation for the

number of plicae at each height (see Johnson, 1981).

Shell thickness moderate.

The author has presented elsewhere (Johnson, 1981) his

reasons for considenng the large ränge of Variation descnbed

above to be the product of developmental flexibility within a

Single species.
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Text fig. 173: Radulopecten vagans -depthol byssalnotch/length.

Text fig. 172: Radulopecten vagans - intersinal distance on right

valve/length.

Ornament of right valve variable (e. g. PI. 9, Figs. 23-25,

30). Between 4 and 1 4 low plicae, wider than sulci and increas-

ing in number by Splitting. Usually less than 4%but some-

times the mapr proportion of specimens from a given locahty

also bearing up to 50 (usually about 30) radial Striae (see Sec-

tion 4). All specimens bearing closely spaced comarginal

Striae, sometimes interrupted to form a decussate pattern. In

late ontogeny of specimens with relatively high plicae, com-

arginal Striae absent from sulci and raised into lamellae on

plicae.

Ornament of left valve extremely variable (e. g. PI. 9,

Figs. 9-22, 26-29, 31-33), essentially consisting of 2 zones.

Earlier ontogenetic stages exhibiting between 15 and 35

(MNO2901 B), most commonly about 25, radial Striae cross-

ed by comarginal Striae which are sometimes interrupted to

form a decussate pattern. Later ontogenetic stages charac-

terised by the development of between 4 and 1 4 (MNP), most

commonly 5, radial Striae into low plicae which are narrower

than the sulci and bear variably spaced comarginal lamellae.

Remainmg radial Striae rarely persisting and comarginal Striae

4. DISCUSSION

As the earliest taxonomic species with type specimens

within the ränge of the species described in Section 3 'Pecten'

vagans J. de C. Sowerby is the senior synonym for the latter.

The lectotype(BM 43319; PI. 9, Fig. 31; 1) is a form in which

plicae were introduced very early in ontogeny ('early de-

veloper') and has 11 plicae at H: 41. J. de C. Sowerby indi-

cates by synonymising 'P. ' sukatus Young and Bird with

'P. ' vagans that he included forms which the present author

places in Radulopecten fibrosus within his hypodigm for

'P. ' vagans. Such forms are probably the basis for his record

of 'P.' vagans from the Oxfordian (Malton Oohte), a

honzon at which R. fibrosus is abundant but R. vagans (i. e.

the species described in Section 3) is either extremely rare or

absent (see Section 5). A similar inclusion of forms which are

referableto R. fibrosus may accountfor Roemer's (1839) and

Dechaseauv's (1936) records of J. de C. Sowerby's species

from the Oxfordian.

Specimens referred to 'P.' vagans by Dämon (1860, 1880)

and Borissiak and Ivanoff (1917) are definitely referable to

R. fibrosus.
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Goldfuss (1833) has applied J. i>f C. Sowerby's specific

name to specimens said by Schlosser (191 1) to be broken ex-

amples of Ctenostreon.

One of the syntypes of 'Lima' Nerina d'Orbigny (MNO
2879) is indeed a nember of the Limidae but the other two

(MNO 2879A; PI. 9, Figs. 15, 22; 2) are 'intermediate de-

velopers' of R. vagans with 10 plicae at H: 36 and 6 plicae at

H: 23 respectively. The single measurable syntype of

'P. ' Rhetus (MNO2902; 3) is similarly an 'intermediate de-

veloper' and has 6 plicae at H: 21.5. Boule (1912) erroneously

described and figured the two syntypes of 'L. ' Nerina which

belong in R. vagans under 'P. ' Rhetus. Cossmann (1906)

thought that forms like 'P.' Rhetus. (s ensu d'Orbigny) were

specifically distinct but that d'Orbigny's description did not

constitute an adequate indication. He therefore erected the

more fully characterised 'Chlamys' semicostata as a replace-

ment specific name.

The original figure of 'P.' anisopleurus Buvignifr (4) de-

picts a 'late developer' with 5 plicae at H: 28.

The lectotype of 'P.' peregnnus Morris and Lycftt (IGS

9170; 5) is a large 'early developer' (with 9 plicae at H: 10, 11

at H: 15 and 13 at H: 20-35) while the lectotype of

'P.' hemicostatus Morris and Lycftt (IGS 9168; PI. 9,

Fig. 18; 6) is a small 'intermediate developer'.

The sole observed type of 'P. ' Wollastonensis Lycett (BM
L7631 I ; PI. 9, Fig. 9; 7) and the syntypes of 'P. ' Rushdenen-

sis Lycftt (BM L76309, L76310; PI. 9, Fig. 16; S) are all

clearly iate-developing' torms of R. vagans, 'P.' Wollas-

tonensis exhibiting the typical continuous comarginal Striae

and 'P.' Rushdenensis the more unusual decussate pattern.

The sole observed type of 'P.' Gneshachi Lycftt (BM
L76308; 9) is only distinguishable from the 'late developer'

phenotypeof R. vagans by alack of Striae and thiscan almost

certainly be accounted for by abrasion.
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Text fig. 175: Radulopecten vagans - posterior hinge

length/length.

The holotype (M) of 'P.' intermittens Whidbokne (SM

J4759; 10) is a small 'late developer' with 19 radial Striae.

The left valve figured under 'P.' anomalus Terquem and

Jourdy has 1 4 plicae and is indistinguishable from R. vagans.

However, the right valves have about 30 radial Striae and are

thus quite unlike typical right valves of R. vagans. Similar

forms (e. g. PI. 9, Fig. 25) occur widely in the M. Jurassic

and since there appear to be no intermediate right valve mor-

phologies it may be that they should be accorded a specific

distinction from R. vagans under Terquem and Jourdy's

name. However, the present author is aware of no locahty at

which 'striate' morphs occur in the absence of 'non-striate'

morphs. It therefore seems more hkely that they are

polymorphs of the same species rather than representatives of

different species. Maubergi (1971) has gone so far as to sug-

gest that they may be sexual dimorphs but the stratigraphic

change in relative abundance of the morphs (see Sections 7,

10) seems to argue against this particular hypothesis.

Inclusion of the 'striate' morph within R. vagans means

that R. RomamLissAiousand 'Ch. ' rosimon Cossmann (non

d'Orbigny), both of which were based on such specimens,

must be synonymised with R. vagans.

The original figure of 'P. ' Thurmanni Contejean (1 1) ap-

pears to depict an early developing form of R. vagans with 9

or 10 plicae at H: 10. However, the stratigraphic horizon

(Kimmeridgian) is anomalously late for the latter species (see

Section 5) and suggests that the figure may be a poor rep-

resentation of an example of R. varians. Dechaseaux (1936)

considers Contejean's species to be closer to R. fibrosus.

Di Grfcorio's figure of 'P. ' samilus shows no more than a

poorly preserved internal mould while that of 'P. ' eglus is
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only 5 mmhigh. However, both species exhibit 9 plicae and

have a general form which suggests that they may be

synonymous with R. vagans.

The figured specimen of 'P.' fibrosus J. Sowerby; Quens-

tedt has 9 plicae, unlike J. Sowerby's species. Since it is de-

scribed as an example of a variable species from the Bathonian

there can be little doubt of its identity with R. vagans.

E. Phillipi's (1900) 'Aequipecten' fibrosus is similarly refera-

ble to J. de C. Sowerby's species.

Arkell (1931a) examined the original (SM) to Lycett's Il-

lustration (1863, pl. 33, fig. la) of TV inaequicostatus Phil-

lips and pronounced it to be a representative of 'Ch.' (R.)

anisopleurus (Buvignier), a species considered above to be a

junior synonym of R. vagans.

5. STRATIGRAPHIC RANGE

Excluding Goldfuss' (1833) invalid record of the species

from the German Lias (see Section 4) the earliest certain re-

cord of R. vagans is provided by a single specimen (BM
LI 76 15) from the Murchisonae zone (Aalenian) of the Cots-

wolds. Two specimens of questionable affinities (see Sec-

tion 4) from strata in the Bifrons-Murchisonae zones of Sicily

(De Gregorio, 1886a, c) may be derived from a lower

honzon. Only one other specimen (NM) is known from the

Aalenian.

In the L. Baiocian specimens are known from the

L. Trigonia Grit of the Cotswolds (BM L95380) and the

Scarborough Limestone of Yorkshire (YM 500).

In the U. Bajocian, R. vagans becomes quite commonbut

it seems likely that the increase in numbers did not occur until

the latest parts of the substage since all records which can be

assigned to a zone (Lissajous, 1910; Paris and Richardson,

1916; Channon, 1950; sundry specimens in the BM, OUM,
and GPIT) are derived from the Parkinsom zone.

The species is found at almost all horizons in the Bathonian,

locallv becoming extremely abundant.

In the Callovian R. vagans is reported to be commonin the

U. Cornbrash (Macrocephalus zone) of England by Cox and

Arkell (1948). However, this is not borne out by the author's

field work in Yorkshire and only 10 museumspecimens (BM
L91533, L91559, L91580; OUMJ4821, J4822, J37587; SbM;

DM[3]) are known from this and equivalent horizons in

Europe. The only other Callovian museumspecimens assign-

able to a zone are 3 (BM 47436, L17969[2]) from the Kella-

ways Rock (Calloviense zone) of Yorkshire. Rollier (1911)

records R. vagans from the L.-M. Callovian of the Jura and

Borissiak and Ivanoef (1917) record the species from the

M. Callovian of Russia. Other bibliographic records from the

Callovian (Buvignier, 1852; Dechaseaux, 1936), apart from

those referring to the Macrocephalus zone (e. g. Bean, 1839;

Lissajous, 1910; Douglas and Arkell, 1932), cannot be as-

signed to a substage. R. vagans is not known to be common
anywhere in the Callovian.

Two specimens from the Oxfordian (probably Plicatilis

zone) of Berkshire (BM 9930) and Yorkshire (BM L3634;

PI. 9, Fig. 34) appear to be representatives of R. vagans but

the possibility cannot be entirely excluded that they are ex-

treme variants of R. inequicostatus. Oxfordian specimens

mentioned in J. de C. Sowerby (1826), Roemer (1839) and

Dechaseaux (1936) and Kimmeridgian specimens mentioned

in Contejean (1859) may also be representatives of R. vag-

ans (see Section 4).

6. GEOGRAPHICRANGE

R. vagans is generally rare in the peri-Mediterranean re-

gion (text fig. 176) and is unknown outside Europe. In the

Bathonian the paucity of locally derived specimens in

museums at Di]on, Tübingen and Mumchcompared with the

abundance of specimens known from N. France and S. Eng-

land suggests a latitudinal temperature control on distribu-

tion. However, bibliographic records of the species further

south, although sparse, occasionally refer to numerous

specimens (e. g. Lissajous, 1923; Lanquine, 1929). It there-

fore seems more likely that the distribution of the species is a

function of facies rather than temperature and that the in-

crease in abundance from E. France/S. Germany to N.

France/S. England is a reflection of a higher frequency of the

appropriate facies (see Section 8).

Text fig. 176: Radulopecten vagans - European distribution.
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7. DESCRIPTION OF ECOLOGY

The first time that R. vagans occurs in any numbers is in

the Parkinsoni zone when it is found in S. W. Germany and

the Cotswolds. In the latter area the Sediments (Clypeus Grit)

are bioturbated, oolitic limestones in which the 'striate'

morph seems to be dominant (see Section 10), reaching a

maximum height of 27 mm(OUMJ36384). The largest Bajo-

cian specimen (H: 35; BML95380) is from the L. Trigonia

Grit (L. Bajocian).

R. vagans becomes locally abundant in the Bathonian and

the following account concentrates on such occurrences.

In the L. Bathonian (Progracilis zone) the species occurs in

grain-supported shelly oolitic limestones at Minchinhampton

and Taynton in the Cotswolds. There is an abundant and di-

verse fauna of bivalves and gastropods but ammonites are

rare. At the former locality fairly large 'early developers' are

relatively common but no representatives of the 'striate'

morph have been noted. Although most specimens are dis-

articulated the incidence of abrasion and breakage is low

enough to suggest minimal transport.

In the M. Bathonian (Subcontractus zone) of Lorraine the

species occurs in the Caillasse ä Anabaaa (= Cbomatoseris)

.

Estimates of the relative abundance of the 'striate' morph in

this area ränge from 1 %(Maubergf, 1971) to about 50% (De-

i hasi u \, 1936). G. A. Gill (pers. corara., 1977) reportsthat

R. vagans is a frequent associate of Cbomatoseris (Zoan-

tharia) in poorly sorted oolites and biospantes at other

localities in France.

In the U. Bathonian small 'early developers' are the domin-

ant formsof R. vagans present in the lowerpart of the Boueti

Bed (Aspidoides zone) at Herbury (Dorset). 'Striate' morphs

are unknown. The Sediments are calcareous marls with an ex-

tremely abundant but low diversitv fauna dominated bv the

bivalves Acromytiltts and 'Liostrea', the brachiopods Di-

gonella and Gomorhynchia and ectoprocts. Most specimens

of R. vagans are disarticulated but the low incidence of abra-

sion and breakage indicates minimal transport. Specimens in

the upper part of the Boueti Bed and at an equivalent horizon

at Amfreville (Normandy) are also heavily encrusted with the

ectroproct Attractoeaa. At the same level at Ranville large

bivalved 'late developers' occur in a bed which earlier collec-

tors called the 'Calcaire a Polypiers'. Similar forms occur in

the slightly later Lion Caillasse (Discus zone, Hollandi sub-

zone) at Luc, in association with rare representatives of the

'striate' morph. The Sediments, overlying a hardground, are

verv similar to the Boueti Bed but the fauna is considerably

more diverse, with at least 65 species, including ectoprocts

and sponges not seen in England (T. Palmer, 1974). Ammo-
nites are, however, unknown. R. vagans also occurs in clays

above a hardground at the same horizon in Wiltshire (Brad-

ford Clay) and in the same region occurs in clays of the

slightly later Discus subzone. Specimens from the latter

horizon are usually fairly large, bivalved 'early developers' and

the 'striate' morph is unknown. Serpulid encrustation is

heavy but almost invariably restricted to the left valve. Speci-

mens from the same level in Oxfordshire are mainly small

'early developers' but two 'striate' morphs (out of a total of

55 right valves collected by the author from Shipton Cement

Works) are known. Almost all specimens are univalved but

abrasion and breakage are limited enough to suggest minimal

transport. The Sediments are non-oolitic, shell-fragment

limestones containing an abundant and diverse in- and

epibenthos (see p. 128) but few ammonites.

Apart from the Mäconnais (Lissajous, 1923) and Provence

(Lanquine, 1 929) where the stage is developed in shallow wa-

ter marls and limestones, R. vagans is not known to be com-

mon elsewhere in the Bathonian, although records are wide-

spread (text fig. 1 76). Prior to the Discus subzone the species

is absent north of a line running west/east just south of Ban-

bury and Brackley in England (Bradshaw, 1978). The max-

imum height attained in the Bathonian is 44 mm
(MNO 2901; Discus zone; 'late developer').

Specimens from the calcarenites of the U. Cornbrash

(Macroeephalus zone; L. Callovian) of England (see Sec-

tion 5) are mainly large 'late developers'. The maximum

height is 51 mm(OUMJ4821, BML9I533). Borissiak and

Ivanoff's (1917) figures of specimens from the M. Callovian

of central Russia have a maximum height of 80 mmand there

is no Suggestion of Photographie enlargement.

8. INTERPRETATION OF ECOLOGY

The absence of R. vagans from pelagic limestones in the

peri-Mediterranean region suggests an intolerance of soupy

Substrates. However, co-occurrence with Cbomatoseris, an

auto-mobile solitary coral which is highly characteristic of

loose, soft sands (Gill and Coates, 1977), indicates a toler-

ance of coarse grained unstable Substrates. Tolerance of later-

ally shifting Sediments is indicated by the oecurrence of the

species in oolites (e. g. Minchinhampton) while a more gen-

eral tolerance of instability in the physical environment is in-

dicated bv the widespread oecurrence of R. vagans in de-

posits where ammonites are lacking and more localised oe-

currence in deposits (e. g. Boueti Bed) where even the bivalve

fauna is reduced in diversitv. However, eurytopy was insuffi-

cientlv developed to allow colonisation of the highly unstable

marginal marine environments which were present in central

England during much of the Bathonian (Bradshaw, 1978).

Bv far the most common oecurrence of R. vagans is im-

mediately above hardgrounds or in minimally transported or

in situ shell beds with an abundance of other shelly epiben-

thos (e. g. Luc, Amfreville, Herbury, Bradford-on-Avon).

This suggests that the existence of hard Substrates was the ma-

jor factor Controlling distribution (see Section 9) and implies

that the abundance of the species at Minchinhampton is more

a reflection of the abundance of shelly epibenthos than of a

particular liking for shifting Substrates. The abundance of the

species at Shipton may likewise be a consequence of the un-

usual richness of the associated epibenthos.

Since serpulid worm encrustation of bivalved specimens is

limited to the left valve it seems likely that the right valve was

tightly adpressed against the Substrate during life (see Sec-

tion 9). Ectoproct encrustation probably oecurred after death

since bivalved specimens are rarely encrusted.

There is a strong Suggestion of a competitive reaction be-

tween R. vagans and Cblamys (Ch.) textoria. The latter, a

species exhibiting considerable Substrate eurytopy in the Ba-

jocian, is largely confined to organic build-ups during the
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Bathonian (the acme of R. vagans ) and the author knows of

no locality at which both species have been found in numbers.

The author has presented elsewhere (Johnson, 1981) an

analysis which suggests that in much the same way as in the

Recent species Cblamys dteffenbachi (see Beu, 1966), plical

Variation in R. vagans reflects ecophenotypic reaction to en-

vironmental differences which were developed over the space

of a few metres. In the case of Ch. dieffenbachi environmen-

tal heterogeneity is due to the patchy distribution of sponge

Substrates. Since the associated Sediments have not been

closely examined for the presence of spicules, it cannot be

ruled out that R. vagans also developed different patterns of

plication aecording to whether or not sponges constituted the

Substrate for attachment. That other soft-bodied organisms

were involved is, of course, also a possibihty.

9 I L NCTIONAL MORPHOLOGY

The usually moderately deep byssal noteh combined with

small or moderate adult size (with the probable exception of a

few speeimens from the M. Callovian of Russia [see Sec-

tion 7]) suggests that R. vagans was byssally attached

throughout life. The generally lower convexity of the right

valve and its subdued ornamentation are paradigmatic for

tight fixation and variations in convexity perhaps suggest that

R. vagans was adpressed against hard surfaces of variable

shape (cf. below).

Although intercalation of new plicae would have probably

led to increased shell strength and stiffness it is very doubtful

whether the addition of numerous plicae in some speeimens of

R. vagans was a response to a need for a mechanically

supenor shell. In Ch. dieffenbachi a need for an increase in

the density of plical spinelets in order to grip a sponge Sub-

strate seems to be the underlying reason for the adoption of a

densely plicate form (Beu, 1966). A similar type of explana-

tion involving some soft-bodied organism, even if not

sponges, is suggested in R. vagans by the fact that the comar-

ginal lamellae become progressively more localised onto the

crests of the plicae, thereby retaining the possibility of close

contact with the Substrate, in the ontogenetic passage from a

weakly to a strongly plicate form. If this explanation is correct

then the distribution of the soft-bodied host must have been

determined by the existence of hard Substrates so as to pro-

duce the observed correlation between such Substrates and the

oecurrence of R. vagans.

The presence of upstandmg ornament and absence of any-

thing more than minimal ontogenetic increase in umbonal

angle must have greatly restricted swimming ability in R. va-

gans.

10. ORIGINS AND EVOLUTION

The origins of R. vagans are a mystery. The author is

aware of no Jurassic pectinid species which can be regarded as

a likely forebear. The ancestry of R. vagans may be connect-

ed with the largely Asiatic Triassic genus Indopecten.

R. vagans exhibits phyletic evolution in right valve morph

frequency. Samples from the Bajocian only include a small

proportion of the 'non-striate' morph but by the L. Batho-

nian (Progracihs zone) this morph was dominant, perhaps as

the result of some selective supenonty . There also seems to be

an evolutionary change in maximum height from the Batho-

nian to the Callovian. Forms possessing a similar 'late de-

veloper' phenotype (which thus rules out any chance of a

purely ecophenotypic difference) reach a maximum height of

44 mmin the former stage and 51 mmin the latter stage.

The Callovian declineof/?. vagans was probably the result

of the widespread development of argillaceous facies produc-

ing soft Sediments unfavourable for colonisation by the host

organism (see Section 9).

Radulopecten varians (Roemer 1836)

PI. 10, Figs. 1-3; text figs. 177-180

Synonymy

Pecten varians sp. nov; ROEMER, p. 68, pl. 3,

hg. 19.

Pecten Beaumontinus sp. nov; BUVIGNIER, p. 24,

pl. 19, figs. 26-30.

Pecten Thurmanni sp. nov; CONTEJEAN, p. 315,

pl. 23, figs. 10-12.

Hinnites clypeatus sp. nov; CONTEJEAN, p. 317,

pl. 24, fig. 14.

Pecten varians ROEMER;COQUAND,p. 79.

Pecten Banneanus sp. nov; ETALLON in Thur-

MANNand ETALLON, p. 259, pl. 36, fig. 12.

Pecten Pagnardi sp. nov; ETALLONin ThuRMANN
and Etallon, p. 259, pl. 36, fig. 12.

Pecten qualicosta ETALLON in THURMANNand

Etallon, p. 260, pl. 36, fig. 13.

Pecten beaumontinus BuviGNIER;THURMANNand
Etallon, p. 260, pl. 36, fig. 14.

Pecten perstrictus sp. nov; ETALLON, p. 56, pl. 8,

fig. 8.

Pecten varians ROEMER;V. SEEBACH, p. 98.

Pecten Unus sp. nov; Sauvage and RlGAUX,

p.354.

Pecten Urius Sauvage and Rigaux; Sauvage and

Rigaux, p. 176, pl. 9, fig. 5.

Pecten qualicosta ETALLON; DE LORIOL and PeL-

lat, p. 202, pl. 22, figs. 18-20.

Pecten beaumontinus BUVIGNIER; DE LORIOL,

p. 305, pl. 32, fig. 18.

Pecten qualicosta ETALLON; DE LORIOL, p. 306,

pl. 32, fig. 20.

Pecten varians ROEMER; E. PHILIPPI, p. 99,

text fig. 16a.

Pecten qualicosta ETALLON; PERON, p. 221.

Pecten beaumontinus BUVIGNIER; PERON, p. 230.

Pecten cf. qualicosta ETALLON; BORISSIAK and

IVANOFF, p. 49, pl. 3, fig. 2.

Pecten donezianus sp. nov; Borissiak and

IVANOFF, p. 52, pl. 3, figs. 5-12.

Cblamys Beaumontina (BUVIGNIER); COSSMANN,

p. 6, pl. 1, fig. 1.

Cblamys (Aequipecten) qualicosta (ETALLON);

ARKELL, p. 548, pl. 32, figs. 4, 5.

Cblamys (Cblamys) qualicosta (ETALLON); Ar-

KELL, p. lll.pl. 11, figs. 2-5.

Aequipecten qualicosta (ETALLON); DECHASEAUX,

p. 51, pl. 7, figs. 7-21.

Aequipecten Beaumontinus (BUVIGNIER); DECHAS-

EAUX, p. 53, pl. 8, fig. 4.

Aequipecten perstrictus (ETALLON); DECHAS-

EAUX, p. 56, pl. 8, fig. 8.

Aequipecten Buvignieri sp. nov; DECHASEAUX,

p. 58, pl. 8, fig. 2.

1836
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? 1952 Chlamys (Radulopecten) quahcosta (ETALLON);

Chavan, p. 37, pl. 2, fig. 15.

The type material of Pecten vanans Roemer

1836, p. 68, pl. 3, fig. 19 is probably in the

RoEMER-PELiZAEUS-Museum, Hildesheim,

W. Germany. The material was derived from

the Oxfordian of N. Germany.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

'P. testa ovato-orbiculari convexo plana radiatim striata,

valva sinistra convexiore, striis subinaequalibus lineis concen-

tricis in striarum longitudinalium dorso lamelloso squamosis

decussatis, auriculis inaequalibus longitudinaliter striatis.

Das Gehäuse ist eirund, oder fast kreisrund; die Schalen

sind beide gewölbt, die linke ammeisten; beide sind mit zahl-

reichen ungleichen Längsstreifen besetzt, auf denen die con-

centrischen Linien blättrige Schuppen bilden; diese sind ge-

wöhnlich nur am unteren Teile der Schalen deutlich, fehlen

aber selten ganz. Die Ohren sind ungleich längsgestreift und

wenig quer-liniert.

Ist gewöhnlich etwas kleiner als das abgebildete Exemplar

und findet sich im oberen Coral Rag bei Hoheneggelsen so

wie am Galzenberge bei Hildesheim.'

2. AMENDEDDIAGNOSIS

Differing from R. vagans, R. strictus and R. inequicos-

tatus by the larger number of initial plieae and from all other

species of Radulopecten by the existence of a non-phcate

phase early in ontogeny.

12—1

uu —
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Text fig. 179: Radulopecten varians - height/umbonal angle.

and his 'P.' Pagnardi to Münstf.r's species some doubt must

remain as to the affinities of these species in spite of the fact

that the figures of both appear to depict examples of R. var-

ians. The figure of 'P.' qualicosta Etallon undoubtedlv de-

picts a specimen of R. varians as does de Loriol's (1893) fig-

ure of a specimen (repository: Ecole Cantonale de Porren-

truy, Switzerland) chosen as lectotype. Chavan's (1952) re-

cord of 'Chlamys' (R.) qualicosta appears to be a misnomer

for R. fibroshs (q. v.).

Etallon's (1863) original reference to 'P.' perstrictus has

proved impossible to trace. However, the description has

been reiterated by Dech aseaux ( 1 936) together with a photo-

graph of a type, which is indistinguishable from R. varians.

The original reference to 'P. ' Urius Sauvage and Rigaux has

similarly proved impossible to trace but the species was rede-

scribed and figured by the same authors (1872) and the

number of plicae (30 at H: 21.5) and metric proportions (2)

are within the ränge of R. varians.

The holoty pe (M) of 'Aequipecten ' Buvignieri Dech aseaux

(NM) has 22 plicae at H : 33 and metric proportions (3) which

are indistinguishable from those of R. varians. The syntype

series of 'P. ' donezianus Borissiak and Ivanoff has not been

studied but the photographs leave no doubt that the species

should be synonymised with R. varians.

Text fig. 180: Radulopecten varians - European distribution.
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The figure of 'Hinnites' clypeatm Contejean is of a right

valve unlike that of any 'Hinnites' (= Eopecten) species but

with a plical count (27 at H: 20) and metric proportions (4)

which suggest that it may be a representative of R. varians.

The affinities of 'P. ' Thurmanni Contejean are discussed

under R. vagans.

5. STRATIGRAPHIC RANGE

The earliest zonally defined records of R. varians are from

the Transversarium zone (U. Oxfordian) of Dorset where the

species is common. In the same area it is common in the

Cautisnigrae zone (U. Oxfordian). Roemer's (1836) speci-

mens are probably from the Decipiens zone. It is doubtful

whether 'Oxfordian' records from Switzerland (Thurmann

and Etallon, 1862; de Loriol, 1893) and France (e. g. Di

chaseaux, 1936) include any material from later horizons in

the stage.

A few specimens of R. varians are known from the

L. Kimmeridgian of east and central France (MNO 4293,

MNPS04680, S04683, S05068) and one from the west coast

(author's collection). The number of specimens involved in

de Loriol and Pell at's( 1875) record from the L. Kimmerid-

gian of the Boulonnais is indeterminate but probably small. It

is very doubtful whether Dechaseaux's (1936) 'Kimmerid-

gien' record includes any specimens from horizons above the

lowest substage.

6. GEOGRAPHICRANGE

Apart from isolated occurrences in the 'Jurassic' of Poland

and Russia (Borissiak and Ivanoff, 1917), R. varians is en-

tirely restricted to N. W. Europe (text fig. 180).

7. DESCRIPTION OF ECOLOGY

R. varians is first known to be common in the 'Qualicosta'

Bed near the base of the Osmington Oolite Series (Transver-

sarium zone) where it reaches a maximum height of 31 mm
(author's collection). The Sediments are cross-bedded but

poorly sorted oobiosparites. The remaining fauna is domi-

nated by Nanogyra (association G of Fürsich, 1977) and all

the bivalves are disarticulated. R. varians is not common in

the remainder of the series in Dorset, is rare throughout the

series in N. Wiltshire, Berkshire, Oxfordshire and Cam-
bridgeshire, where coral ragfacies occur(ARKPLL, 1931a), and

is unknown in Lincolnshire and Norfolk where phyllosilicate

clay facies are dominant (Brookfield, 1973). The equivalent

horizon in Yorkshire is largely developed in coral rag facies

and is probably the source of the three specimens (BM 34423,

L3633, L84564) which constitute the only known records of

R. varians from the area (cf. Arkell, 1931a).

In the 'Trigonia' davellata Beds of the Gloucester Oolite

Series (Cautisnigrae zone) in Dorset, R. varians occurs

commonly in the Main Shell Bed, where it reaches a maximum
height of 28 mm(author's collection), and in the Red Beds.

The Sediments are more marly than the 'Qualicosta' Bed and

have a siderite cement. The fauna is also more diverse (associa-

tion Dof Fürsich, 1977) and the bivalves, of which Nanogyra

and Myophorella are the dominant genera, are occasionally

articulated.

R. varians is apparently absent alter the Cautisnigrae zone

in Britain.

The species is not known to be common at any horizon in

the Oxfordian of continental Europe, although it reaches a

height of 33 mm(NM). It is known to be rare in coral reef

facies in the Jura (Thurmann and Etallon, 1862; de Loriol,

1893).

Rare specimens from the L. Kimmeridgian reach a max-

imum height of 27 mm(MNO4293) and are found in associa-

tion with R. strictus.

8. INTERPRETATION OF ECOLOGY

Wilson (1968) has interpreted the shell beds in which

R. varians occurs commonly in Dorset as the highest parts of

tidal flat regressive sequences, implying thereby that they rep-

resent strand-line accumulations of sub-littoral but nearshore

organisms. However, Talbot (1973) considered that they

represented offshore environments, albeit within regressive

sequences, a conclusion which is supported, at least for the

T. ' davellata Beds, by Fürsich's (1976, 1977) taphonomic

analysis which indicates a stratigraphically Condensed but

minimally transported fauna living in a moderate energy

submarine environment. Taphonomic evidence from the

'Qualicosta' Bed(seeSection 7) is less indicativeof an in situ

fauna so Wilson's interpretation may be applicable to this

horizon. The implication is therefore that distance from the

shoreline played no part in determining the suitability of an

area for colonisation by R. varians. The absence of the

species from some clay (e. g. Transversarium zone in E. Ang-

lia) and micrite (e. g. throughout the species ränge in many

areas of S. Europe) sequences and its rarity in others indicates

that low energy environments were not suitable for colonisa-

tion. The rarity of the species in reef and reef-derived Sedi-

ments suggests that anything other than level bottom en-

vironments were similarly unfavourable.

The Kimmeridgian occurrences of R. varians imply a lack

of competition with the probable descendant, R. strictus.

There appears to be no basis for this in terms of microhabitat

differences (see Section 9 and p. 202).

9. FUNCTIONALMORPHOLOGY

Since in many morphological respects R. varians is identi-

cal to R. vagans a similar tightly byssate mode of life can be

inferred. The comarginal lamellae on the left valve are, how-

ever, considerably smaller in R. varians so it is doubtful

whether they could have served any purpose in gripping a soft

Substrate, as suggested for R. vagans. Hard Substrates, such

as shells, were probably used for attachment.

10. ORIGINS AND EVOLUTION

The most likely ancestorfor R. varians is R. vagans. Since

the first occurrence of the former species is within the geog-

raphic ränge of the latter it may be that speciation was sympat-

ric. The pattern of Ornament on the left valve of R. varians is

essentially a scaled-down version of that of some 'late-

developing' forms of R. vagans. This suggests that trans-

specific evolution involved heterochronic retardation of the
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development of size with respect to that of 'shape'. However,

since ornamental development in R. vagans was almost cer-

tainly under 'environmental' control trans-specific evolution

must also have involved 'genetie assimilation' (WADDINGTüN,

1957). Heterochrony and 'genetie assimilation' are both

probably indicative of regulatory gene volution.

There are no significant phyletic changes in R. varians.

The disappearance of the species from England after the

Cautisnigrae zone is probably the result of the widespread de-

velopment of unfavourable argillaceous facies in the Deci-

piens zone. A similar development of argillaceous facies

throughout Europe in the Kimmendgian was almost certainly

the cause of the extinetion of the species early in the stage.

Radulopecten strictus (Münster, 1833)

PI. 10, Figs. 4-6; text figs. 181-183

Synonymy

v :: " 1833 Pecten strictus sp. nov; MONSTERin GOLDFUSS,

p. 49, pl. 91, figs. 4a-c.

1836 Pecten strictus MONSTER; ROEMER,p. 69.

v*p 1850 Pecten Minerva sp. nov; D'ORBIGNY, v. 2, p. 54

(Boule, 1932, v. 21, p. ll.pl. 2, fig. 1).

1850 Pecten Marcus sp. nov; D'ORBIGNY, v. 2, p. 54

(BOULE, 1932, v. 21, p. ll.pl. 2, fig. 2).

? 1852 Pecten Beaumontmus sp. nov; BuviGNIER, p. 24,

pl. 19, figs. 26-30.

1852 Pecten Dyoniseus sp. nov; BOVIGNIER, p. 24,

pl. 19, figs. 26-30.

? 1859 Pecten Grenien sp. nov; CONTEJEAN, p. 311,

pl. 23, figs. 7-9.

1860 Pecten strictus MONSTER;Coqüand, p. 79.

1860 Pecten Marcus D'ORBIGNY; COQOAND,p. 91

.

? 1862 Pecten Banneanus sp. nov; ETALLON in ThüR-

MANNand ETALLON, p. 259, pl. 36, fig. 12.

? 1862 Pecten Pagnardi sp. nov; ETALLONin ThüRMANN
and ETALLON, p. 259, pl. 36, fig. 12.

1862 Pecten astartinus sp. nov; ETALLONin THÜRMANN
and ETALLON, p. 260, pl. 36, fig. 14.

1862 Pecten beaumontinus BOVIGNIER; ThüRMANN
and ETALLON, p. 260, pl. 36, fig. 14.

non 1862 Pecten Grenien CONTEJEAN; ThüRMANN and

ETALLON, p. 265, pl. 37, fig. 7.

1863 Pecten Minerva D'Orbigny; Dollfus, p. 80,

pl. 14, figs. 4-6.

1864 Pecten cf. strictus MONSTER;V. SEEBACH, p. 98.

? 1867 Pecten solidulus STOPPANI; J. MENEGHINI, p. 162,

pl. 28, fig. 12.

1872 Pecten kimmendgiensis CoTTEAU; DE LORIOL et

al., p. 381, pl. 22, fig. 4.

1872 Pecten Grenien CONTEJEAN; DE LORIOL et al.,

p. 382, pl. 22, figs. 5,6.

v :: "? 1872 Pecten tombecki sp. nov; DE Loriol in DE Loriol

et al., p. 383, pl. 22, figs. 7-11.

? 1874 Pecten gioenii sp. nov; GEMMELLAROand Dl

BLASI, p. 119, pl. 3, figs. 5-7.

? 1875 Pecten Gioenii Gemmellaro and Dl Blasi;

Gemmellaro, p. 50.

1875 Pecten strictus MONSTER;DE LORIOL and PELLAT,

p. 190, pl. 22, figs. 10, 15.

? 1878 Pecten (Chlamys) Veneris sp. nov; GEMMELLARO
and Dl Blasi in Gemmellaro, p. 396, pl. 30,

figs. 11, 12.

1881 Pecten strictus MONSTER;DE LORIOL, p. 90, pl. 12,

fig. 11.

v non 1883 Pecten äff. Grenien CONTEJEAN;BOEHM,p. 603,

pl. 67, figs. 17, 18.

Pecten äff. Gioenii GEMMELLAROand Dl BLASI;

Boehm, p. 604, pl. 67, figs. 19, 20.

Pecten (Camptonectes) cf. Grenieri CONTEJEAN;

FlEBELKORN, p. 399, pl. 14, fig. 11.

Pecten beaumontinus BOVIGNIER; DE LORIOL,

p. 305, pl. 32, fig. 18.

Pecten Minerva D'ORBIGNY'; DE LORIOL and

Lambert, p. 141, pl. 10, figs. 4-6.

Pecten sainputeanus sp. nov; DE LORIOL in DE

Loriol and Lambert, p. 143, pl. 10, fig. 9.

Pecten (Chlamys) Girardoti sp. nov; DE LORIOL,

p. 220, pl. 23, fig. 7.

Pecten (Camptonectes) insutus sp. nov; CRAGIN,

p. 44, pl. 4, figs. 11, 12.

Pecten Minerva D'ORBIGNY; PerON, p. 220.

Pecten beaumontinus BOVIGNIER; PERON, p. 230.

Pecten kimmendgiensis COTTEAO;PERON,p. 23 1

.

Pecten (Aequipecten) cf. strictus MONSTER;

KlLIAN and GuEBHARD,p. 758.

Pecten fibratus sp. nov; FociNI, p. 618, pl. 11,

fig. 2.

Chlamys cf. strieta (MONSTER); COSSMANN,p. 2,

pl. 2, figs. 5, 6.

Pecten strictus MONSTER;BORISSIAK and IVANOFF,

p. 48, pl. 3, figs. 1,3.

Chlamys Beaumontina (BuviGNIER); COSSMANN,

p. 6, pl. 1, fig. 1.

Pecten (Aequipecten) arachnoideus sp. nov; Sok-

OLOVand BODYLEVSKY,p. 61, pl. 4, figs. 10, 11.

Aequipecten Grenieri (CONTEJEAN); DECHAS-

I ALX, p. 52, pl. 8, fig. 7.

Aequipecten Beaumontinus (BuviGNIER); DECHAS-

EAUX, p. 53, pl. 8, fig. 4.

Aequipecten Minerva (D'ORBIGNY); DECHAS-

EAUX, p. 53, pl. 7, fig. 22, pl. 8, fig. 1.

Aequipecten strictus (MONSTER); DECHASEAOX,

p.54.

Aequipecten Dionyseus (BOVIGNIER); DECHAS-

EAUX, p. 54.

Aequipecten astartinus (ETALLON); DECHASEAOX,

p. 55, pl. 8, fig. 5.

Aequipecten kimmendgiensis (COTTEAO); DE-

CHASEAOX,p. 55.

Chlamys minerva (D'ORBIGNY); CHAVAN, p. 35,

pl. 2, figs. 12, 13.

Pecten insutus CRAGIN; ALENCASTADE CSERNA

and ESTELA BoiTRON, p. 10.

Lectotype of Pecten strictus Münster in

Goldfuss 1835, p. 49, pl. 91, figs. 4a-c des-

ignated herein; BSPHGAS VII 636 (figs. 4a

and 4b of Goldfoss' pl. 91 are probably

restored illustrations of this speeimen);

PI. 10, Fig. 6 herein; 'Zone of Pteroceras

oceani' (L. Kimmeridgian), Oelingerberg bei

Kappeln, N. Germany. Paralectotypes;

BSPHG(3 speeimens); also 'Zone of Ptero-

ceras oceani', Oelingerberg bei Kappeln.

1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'Pecten testa ovato-orbiculan convexo-plana aequivalvi,

lineis radiantibus confertis subaequalibus rectis, striis concen-

tricis subtihssimis vix conspicuis, auneuhs inaequahbus

hneatis.

E montibus Westphalicis. M. M.

Eyförmig, flach-convex, gleichklappig, mit gedrängten,

sehr zahlreichen, teinen und geraden ausstrahlenden Linien,

non
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von welchem einige hier und da etwas dickei erscheinen als

die übrigen. Sic sind auch aui den ungleichen Ohren bemerk

[ich, und hier von deudichen concentrischen Linien durch-

kreuzt, welche auf der übrigen Schale nur durch Vergröße

rung sichtlich werden.

Kommt mit dem vorigen an demselben Fundorte vor.'

2. AMENDEDDIAGNOSIS

Distinguished from R. vagans and R. varians b) thelarger

n umbei oi radial Striae and from the lattei also b) the smaller

numbei oi initial plicae. Distinguished from all other species

40-

H

20- < *

n r ~i
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rext fig. 181: Radulopecten strictus height/length.

i > t Radulopecten by the existence ol a non-plicate phase early

in ontogeny.

v AMENDEDDESCRIPTION

Essentially very similar to R. varians. Differing in the

maintenance ol .i sub-ovate tonn (text fig, 1SI) to the max-

imum height ol 35 mm(KW unnumbered), in the somewhat

higher convexit) and slightly smaller byssal noteh, in the ten-

denc) loi the posterior auricles to meet the hinge line at 90°,

and in tlu- ornament,

Right valve ornamented with between 73 (MNO) and 1 10

(BM 23344) radial Striae (PI. 10, Figs. 4, 5); left valve or

namented with hei« een 60
I
BMunnumbered) and 75 (MNO)

and probably up to s s (see Section 4) radial Striae (PI. 10,

I ig n) ol which between 5 and 8 and possibly up to 12 (see

Section 4) develop into low plicae bearing lamellae at intervals

ol about 2 mm.

11 l ' \ is plotted in text fig. I N2.

4. DISCUSSION

The lectotype (herein designated) oi 'Pecten' strictus

Mi mster(BSPHG AS VII 636; PI. 10, Fig. 6) is a poorly pre

served speeimen but the existence ol closel) spaced radial

Striae leaves no doubl that it is ,i representative ol the species

des, i ibed in Section 3, foi « hu h \li msi i k's name is thus the

senioi synonym. Kilian and Gl ebhard's(1905) record ot un-

figured examples oi Munster's species from the Bathonian

must be created with caution owing to the unusual stratig

raphic horizon (see Section 5). O>ssm w\\ (1907b) re( ord ol

\h mster's species is discussed under < blamys (Ch.) textoria.

One of the two remaining syntypes ol 7'.' Minerva d'Or

bigni (MNO4725) is clearly referable to Radulopecten strit
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tus but the other (MNO4725B) bears morc resetnblance to

the 'coarse' phenotype of Ch. (Cb.) textoria. Some of the

specimens (MNP) referred to d'Orbigny's species by Peron

(1905) are undoubtedly examplesof R. stnctus but others are

more reminiscent of R. varians.

The author has been unable to trace the holotype (M) of

TV Marcus d'Orbigny but Boule (1932) has provided a

photograph of the specimen which, although poorly pre-

served, displays the fine radial Striae characteristic ot R. stnc-

tus.

The figure of 'P.' Beaumontinus Buvignier resembles

R. stnctus but the text specifies an abnormally small number

of radial Striae (50-60) which are said to be raised into plicae

OD both the left and right valves. Du HAS1 m \ (1936) has fi-

gured a specimen (NM) which may be a type of Buvignii k's

species and this, with more than 1 5 plicae, is clearly an exam-

ple of R. varians. Specimens referred to Buvignier's species

by de Loriol (1893) are similarly referable to R. varians and

Pi ron's (1905) specimens (MNP) appear to have only about

35 Striae and thus probably also belong in this species. Thur-

mann and Etallon (1862) figure a right valve with 90-100

Striae (within the ränge of R. stnctus/ under Buvignier's

specific name but also appear to use the same specimen as a

basis for the erection of a new species, 'P. ' astartinus. Coss-

viann's (1921) 'Chlamys' Beaumontina was said to have

60-70 Striae on the right valve and therefore seems to oecupy

an intermediate position between R. strictus and R. varians.

The figures of 'P.' Dyoniseus Buvignier closely resemble

R. stnctus and a specimen in NMwhich may be a type has

metric proportions (1) and number of Striae on the right valve

(100) within the ränge of the latter species.

The figure of 'P. ' Grenieri Contejean depicts a specimen

with many radial Striae, as in R. strictus, but which is how-

ever also ornamented with comarginal lamellae, giving a re-

setnblance to Camptonectes (Camptochlamys) obscurus. H/L

(2) is within the ränge of the former species but H/UA is

somewhat high. Specimens referred to Contejean's species

by de Lorioi et al. (1872), Fiebelkorn (1893) and De-

chaseaux (1936) are clearly examples of R. strictus but

specimens referred to Contejean's species by Thurmann and

Etallon (1862) and Boehvi (1883) have affinities with C.

(Cc.) obscurus.

It has proved impossible to trace the original description of

'P.
' kimmeridgiensis Comau but Peron (1905), who almost

certainly examined the type material, has applied the name to

specimens from the Kimmendgian described as having

numerous radial Striae, which can thus be safely assumed to be

examplesof/?. strictus. Df Loriol et al. (1872) figurearight

valve under Cotteau's name which, with about 90 Striae, is

indistinguishable from R. strictus. Specimens referred to

'Aequipecten' kimmeridgiensis by Dechaseaux (1936) were

allied with 'Ae.' Grenieri (Contejean) and 'Ae.' astartinus

(Etallon) and are thus very probably conspeeifie with

R. strictus (see above).

Although the syntypes of 'P. ' tombecki de Loriol (MNS)

have 12 plicae on the left valve the fact that the number of

Striae (60-70) and H/L (3) is within the ränge of R. strictus

suggests that they should be considered to be extreme variants

of the latter species.

The original figure of 'P.' gioenii GEMMEL] VRO and

Di Bi asi from Sicily depicts a specimen with about 70 Striae

on the left valve and metric proportions (4) within the ränge of

R. strictus. Somedoubt must, however, remain over whether

P. gioenii is synonymous with the latter species owing to the

anomalously late stratigraphic horizon (L. Tithonian) and the

t.ict that Ben hm (1883), who may have examined the type

material, has referred to Gemmellaro and Di Blasi's species a

specimen (BSPHG) whose continuous comarginal ornament

is unlike that of R. stnctus.

The sole observed type of 'P. ' samputeanus de Loriol

(MNS B. 03984; PI. 10, Fig. 4), a right valve, has about 76 ra-

dial Striae and metric proportions (5) within the ränge of

R. strictus.

The number of plicae on the left valve (7-8) and H/L (6) of

the original figure of 'P.' ('Chlamys') Girardoti de Loriol

does not allow of a Separation from R. strictus. The abnor-

mally large number of Striae (80) and high H/UA probably

represents extreme Variation within the latter species. The

same can be said of the 85 Striae on the left valve and high

H/UA (7) of the original figure of TV ('Camptonectes') in-

sutus Cragin, a species from the U. Jurassic of Texas whose

H/L is inseparable from R. strictus. Alencasta de Cserna

and Estela Buitron's (1965) unillustrated record of 'P.' in-

sutus from the U. Jurassic of Mexico must be treated with

some caution owing to the slight possibility that Cragin's

species is not synonymous.

'P. ' ('Aequipecten') arachnoideus Sokolov and Bodylevsky

from Spitzbergen has 70 Striae on the left valve and metric

proportions (8) of the original figure within the ränge of

R. strictus. However, the stratigraphic horizon (Ryazanian)

is anomalously late (see Section 5) and together with the

number of Striae on the right valve (150) suggests that

Sokolov and Bodylevsky's species is probably distinet.

'P.' solidulus Stoppani; J. Meneghini (U. Lias), 'P.'

('Chlamys') Veneris Gemmellaro and Di Blasi (L. Lias) and

'P.
' fibratus Fucini (L. Lias) are all finely striate forms but

their horizons of derivation suggest that they are probably

worn specimens of Ch. (Ch.) textoria rather than early rep-

resentatives of R. strictus. 'P. ' fibratus also has an unusually

low H/UA (9) although H/L in this species and both H/L and

H/UA (10) of 7V ('Ch.') Veneris are within the ränge of

R. strictus. Stoppani's original description of 'P. ' solidulus

has not been traced.

'P. ' Banneanus Etallon and 'P. ' Pagnardi Etallon are

both discussed under R. varians.

5. STRATIGRAPHIC RANGE

Theearliest certainoccurrencesof R. strictus are in the Ox-

fordian and of these none are undoubtedly earlier than the

U. Oxfordian. Pre-Oxfordian oecurrences of R. strictus

may be constituted by four poorly preserved specimens (BM

unnumbered; identified with a glyph in text figs. 181, 182)

from the Kellaways Rock (Callovian) of Wiltshire and by

specimens from the Bathonian (Kilian and Guebhard, 1905)

and Lias (J. Meneghini, 1867; Gemmellaro, 1878; Fucini,

1906) discussed in Section 4.

The species is locally common in the L. Kimmeridgian but

certain U. Kimmeridgian records are restricted to specimens
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Text fig. 183: Radulopecten strictus - European distribution.

mentioned in Di Lorioi et al. (1872) and de Loriol and Pel-

LAT (1875).

Specimens from the L. Tithonian of Sicily (Gemmeli \ko

and Di Blasi, 1874; Gemmellaro, 1875) may perhaps be late

representatives of R. strictus and there is a slim possibility

that specimens from the Ryazanian of Spitzbergen (Soki >l < >\

and Bodvlevskv, 1931) may constitute yet later examples of

the species (see Section 4).

6. GEOGRAPHICRANGE

The distribution of R. strictus is centred in N. W. Europe

(text fig. 183). The only possible occurrences (see Section 4)

outside this area are in the L. Tithonian of Sicily (Gemmel-

laro and Di Blasi, 1874; Gemmellaro, 1875) and the

U. Jurassic of Texas (Cragin, 1905) and Mexico (Alencasta

di Cserna and Estela Buitron, 1965).

7. DESCRIPTION OF ECOLOGY

R. strictus occurs commonly in Condensed oolitic iron-

stones of the Pseudocordata zone (U. Oxfordian) near

Weymouth, Dorset where it reaches a maximum height of

35 mm(BM unnumbered).

In U. Oxfordian sands in Normandy R. strictus is a quite

common dement in a bivalve fauna dominated by

Neomiodon and cyprinids but in which trigoniids, astartids,

tancrediids and corbulids also occur (Chavan, 1952).

R. strictus is common in the Calcaire ä Astartes

(Cymodoce zone), a limestone/marl sequence in the E. Paris

Basin. It also appears to be quite common in the Kimmerid-

gian of Normandy and the Boulonnais but the exact horizon

within the clay/phosphate nodule sequence is not clear.

R. strictus is not known to be common in any areas apart

from those discussed above.

8. INTERPRETATION OF ECOLOGY

During its short acme R. strictus was able to colonise a

wide variety of level bottom Substrates. Tolerance of a ränge

of energy levels is suggested by its occurrence in both

arenaceous and argillaceous Sediments.

The predominance of brackish water forms (Hallam, 1 976)

in the U. Oxfordian sands in Normandy indicates that

salinities were usually reduced. However, the occurrence of

apparently fullv marine forms (e. g. trigoniids) suggests that

salinities were sometimes normal during deposition of this

unit thus the presence of R. strictus does not necessarily im-

ply an ability to tolerate reduced salinities.

Assuming that specimens derived from Sicily, Texas and

Mexico (see Section 4) are representatives of R. strictus and

that therefore the species was able to tolerate waters which

were warmer than those of the main ränge in N. W. Europe

the absence of R. strictus from apparently suitable lime-

stone/marl facies in southern Continental Europe (e. g. the

Rhone Basin) is a mystery.

A fairly close Recent morphological analogue of R. strictus

is Chlamys (Ch.) nivea (see Tebbli , 1976).

9. FUNCTIONALMORPHOLOGY

Since, in the relevant aspects of morphology R. strictus is

almost identical to R. varians, a similar mode of life, tightly

byssate on such hard Substrates as shells, can be inferred.

10. ORIGINS AND EVOLUTION

The ancestor of R. strictus was almost certainlv R. var-

ians. The increase in the number of radial stnae and decrease

in the number of initial plicae cannot have been caused by

heterochrony so change in the structural rather than the reg-

ulatory genome is perhaps implied.

Within R. strictus eurytopy combined with small size and

a possible phyletic reduction in maximum height from the

U. Oxfordian (H max : 35) to the L. Kimmeridgian (H max : 28;

BML87356) points to the prevalence of V selection (Gould,

1977).

No convincing deterministic explanation is available to ac-

count for the post L. Kimmeridgian decline of R. strictus.
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Radulopecten fibrosus (J. Sowerby 1816)

PI. 10, Figs. 7-18, 20-22, ?Fig. 24; text figs. 184-192

Synonymy

Pecten fibrosus sp. nov; J. SOWERBY, p. 84,

pl. 136, figs. 1,2.

Pecten sulcatus sp. nov; YOUNGand BlRD, p. 33,

pl. 9, Fig. 3.

Pecten fibrosus J. SoWERBY; PHILLIPS, pl. 6,

fig. 3.

Pecten fibrosus J. Sowerby, Deshayes, p. 82,

pl. 8, fig. 5.

Pecten fibrosus J. SOWERBY;GOLDFUSS, p. 46,

pl. 90, fig. 6.

Pecten fibrosus J. SOWERBY;ROEMER,p. 69.

Pecten fibrosus J. SOWERBY;Lamarck, p. 227.

Pecten fibrosus J. SOWERBY;BEAN, p. 60.

Pecten fibrosus J. SOWERBY;D'Orbigny, v. 1,

p. 341.

Pecten subfibrosus sp. nov; D'ORBIGNY, p. 373.

Pecten fibrosus a var. nov; Bronn, p. 21 1.

Pecten fibrosus ß var. nov; BRONN,p. 21 1.

Pecten fibrosus J. SOWERBY;QUENSTEDT,p. 507,

pl. 40, fig. 47.

Pecten fibrosus J. SOWERBY;OPPEL, p. 568.

Pecten Thurmanm sp. nov; CONTEJEAN, p. 315,

pl. 23, figs. 10-12.

Pecten fibrosus J. Sowerby; Dämon, pl. 3,

figs. 1, la.

Pecten vagans J. DE C. SOWERBY;Dämon, pl. 9,

fig. 4 (non J. DE C. SOWERBYsp.).

Pecten fibrosus J. SOWERBY;COQUAND,p. 70.

Pecten subfibrosus D'ORBIGNY; COQUAND,p. 75.

Pecten subfibrosus D'Orbigny ; Thurmann and

Etallon, p. 254, pl. 36, fig. 1.

Pecten Veziani sp. nov; ETALLON in THURMANN
and ETALLON, p. 264, pl. 37, fig. 8.

Pecten Midas D'ORBIGNY; DOLLFUS, p. 79, pl. 14,

figs. 1-3 (non D'ORBIGNY' sp.).

Pecten subfibrosus D'ORBIGNY'; V. SEEBACH, p. 96.

Pecten fibrosus J. SOWERBY;Laube, p. 12.

Pecten Midas D'ORBIGNY; DELORIOL et al.,p.385

(non d'Orbigny sp.).

Pecten fibrosus J. Sowerby; Brauns, p. 337.

Pecten midas d'Orbigny; DE Loriol and Pellat,

p. 193 (non D'ORBIGNY sp.).

Pecten fibrosus J. SOWERBY; DÄMON, pl. 3,

figs. 1, la.

Pecten vagans J. DE C. SOWERBY;DÄMON,pl. 9,

fig. 4 (non J. DE C. SOWERBYsp.).

Chlamys Midas (D'ORBIGNY'); DÄMON, pl. 17,

fig. 4 (non D'ORBIGNY' sp.).

Pecten subfibrosus D'ORBIGNY; ROEDER, p. 49,

pl. 1, figs. 12a-d.

Pecten fibrosus J. SOWERBY;ROEDER,p. 50, pl. 1,

figs. IIa, IIb.

Pecten fibrosus J. SOWERBY;LAHUSEN, p. 23, pl. 2,

fig. 3.

Chlamys subfibrosa (D'ORBIGNY); SlEMIRADZKI,

p. 1 19.

Pecten subfibrosus D'Orbigny; de LORIOL, p. 45.

Pecten subfibrosus D'ORBIGNY; DE LORIOL,

p. 127.

Pecten subfibrosus D'ORBIGNY; DE LORIOL,

p. 126.

Aequipecten fibrosus Q. SOWERBY); E. PHILIPPI,

p. 98, fig. 15.

Pecten (Chlamys) subfibrosus D'ORBIGNY; DE

Loriol, p. 106.

Pecten subfibrosus D'ORBIGNY; DE LORIOL,

p.227.

V*
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Text fig. 184: Radulopecten fibrosus - European distribution.
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Equilateral, inequivalve, low convexity, left valve more

convex than right. Intersinal distance greater in left valve than

right, increasing with approximate isometry in both (text

figs. 188, 189). ßyssal notch depth variable, small to moder-

ate.

Auncles well demarcated from disc, variable in size, an-

terior larger than posterior. All auncles meeting hinge hne at

about 90°. Anterior auricle of right valve meeting disc at about

90°, remaining auricles meeting disc at an acute angle. All au-

ricles ornamented with closely spaced comarginal Striae.

Height of anterior auricle (text fig. 186) and lengths of an-

terior and posterior auricles (text figs. 190, 191) variable.

Left valve ornamented with between 10 and 13,usually 11,

original plicae (text fig. 192), narrower than sulci. Height of

plicae variable, usually moderately high in early representa-

tives (e. g. PI. 10, Fig. 8) but uniformly low in late forms

(e. g. PL 10, Figs. 13, 16-18). Additional low plicae intercalat-

ed during ontogeny of forms with original plicae to give a

maximum total number of 27 (BM 35563). Rate of intercala-

tion apparently faster in some of the latest representatives (see

Section 7). Forms with low plicae bearing evenly spaced co-

marginal lamellae on all parts of disc. Comarginal lamellae re-

stricted to plical crests in forms with high plicae.

Right valve usually bearing one less plica than left, with

plicae wider than sulci and all parts of disc ornamented with

closely spaced comarginl Striae.

Shell thickness moderate in early representatives, low in

later forms (see Section 7).

4. DISCUSSION

Of the two syntypes of 'Pecten' fibrosus J. Sowerby one

(BM 43305; PI. 10, Fig. 21) isseenonly from the interior and

the other (BM 43306; PI. 10, Fig. 20) is poorly preserved.

Metrie proportions (1) and general shape of the former, des-

ignated as lectotype by Arkell (1931 a), are, however, indis-

tinguishable from the species described in Section 3 and since

J. Sowerby's name is the earliest available for this species it is

known hereinafter as Radulopecten fibrosus. The second syn-

type (paralectotype) has metric proportions (2) within the

ränge of R. fibrosus and the shape of the auricles confirms

that it is a member of the latter species. The superficial similar-

ity of the disc ornament in this speeimen to that of R. scar-

burgensis (Young and Bird) is presumably the reason for

Phillips' (1829) misapplication of J. Sowerby's specific name

to an example of Young and Bird's species. Perhaps through

following Phillips' rather than J. Sowerby's usage of 'P. ' fib-

rosus, d'Orbigny (1850) applied this name to speeimens

(MNO3397) of R. scarburgensis and saw fit to erect a new

species, TV subfibrosus, for speeimens (MNO3754; PI. 10,

Fig. 22) which are in fact typical representatives of J. Sower-

by's species. Other authors (Damoni, 1860, 1880; Roeder,

1882;Douville, 1916; Dechaseaux, 1936, pl. 6, figs. 18,18a,

19, pl. 7, fig. 1) have also applied J. Sowerby's specific name

to examples of R. scarburgensis so with the evident possibil-

ity of misinterpretation of his hypodigm inadequately charac-

terised records of his species in Lamarck (1836), Bean (1839),

Oppel (1858), Coquand (1860), Laube (1867), Terquem and

Jourdy (1869), Kilian and Guebhard (1905), Read et al.

(1925), Barbulescu (1971) and Worssavi and Ivimey-Cook

(1971) can only be tentatively synonymised. Although most

subsequent usages of 'P.' subfibrosus have been for forms

which are undoubtedly within d'Orbigny's hypodigm

(= R. fibrosus), de Loriol (1901) describes under TV
('Chlamys') subfibrosus speeimens which are almost certainly

representative of R. scarburgensis. Doubt must therefore be

cast on the affinities of unfigured speeimens referred to d'Or-

bigny's species by the same author in 1 897, 1 900 and 1 904, al-
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though those described in 1 894 do appear to belong to R. fib-

rosus. Coquand's (1860) record of 'P. ' subfibrosus is accom-

panied by neither a figure nor a description so it can only be

tentatively synonymised. Bronn (1852) followed d'Orbig-

ny's Interpretation of J. Sowerby's hypodigm but considered

that specimens such as those forming the basis for 'P. ' subfib-

rosus could only be distinguished at the varietal level. Thus

forms belonging to R. scarburgensis were referred to as

'P. fibrosus (< and forms belonging to R. fibrosus were refer-

red to as 'P.' fibrosus ß. Stoll's (1934) variety duplicostatus

is nothing morethan the quite commonform of R. fibrosus in

which intercalation of additional plicae has occurred.
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Text fig. 188: Radulopecten fibrosus - intersinal distance on left

valve/length.
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Text fig. 189: Radulopecten fibro.

valve/length.
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Quenstedt's (1852) and E. Philippi's (1900) misapplication

of J. Sowi kby's specific name to specimens of R. vagans is

discussed under the latter species. Certain specimens illus-

trated by Dechaseaux (1936, pl. 6, fig. 20, pl. 7, figs. 2, 3)

under 'Aequipecten' fibrosus may also be referable to R. vag-

ans although the horizon (Oxfordian) suggests that they more

probably belong in R. inequicostatus. Specimens illustrated

under 'P. ' vagans by Dämon (1860, 1880) and Borissiak and

Ivanoff (1917) are clearly representative of R. fibrosus.

'P. ' siilcatus Young and Bird and P. ('Ae. ') tenuicostatus

Stoll, both with 11-12 original plicae, are typical early rep-

resentatives of R. fibrosus. The figured specimen of 'P. ' Vez-

lani Etallon (3) and the syntypes of Ch. ('Ae. ') superfibrosa

Arkell (OUMJ8247-8252; PI. 10, Figs. 11,12; 4) are small

late representatives with rather extreme depression of the

plicae. Large late representatives of R. fibrosus with the

characteristic numerous low plicae were incorrectly referred

to 'P. ' Midas d'Orbigny (a junior synonym of Camptonectes

(C.) auritus) by Dollius (1863) and this misusage of d'Or-

bigny's specific name has been perpetuated by Dämon (1880)
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Text fig. 190: Radulopecten fibrosus- anterior hinge length/length.
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and Arkell (1931a). It may therefore be that inadequately

charactensed specimens referred to d'Orbigny's species in

de Loriol et al. (1872) and de Loriol and Pellat (1875) are

in fact representatives of R. fibrosus.

The holotype (OD) of 'Ch. ' (R.) drewtonensis Neale (BM
88737; PI. 10, Fig. 24) has 13 plicae and most metric propor-

tions (5) within die ränge of R. fibrosus. However, the byssal

notch is abnormally large and may indicate that Nfai i 's

specimen is indeed a member of a different species. Neverthe-

less the paucity of comparable specimens makes it more likely

that 'Ch. ' (R.) drewtonensis represents extreme Variation

within R. fibrosus.

'Ch. ' (R.) qualicosta Etallon; Chavan has irregulär plicae

but seems to be nearer R. fibrosus than Etallon's species

(= R. varians).

'P.' ('Ae.') Triboleti Rollier was compared with 'P.' fib-

rosus but the figured specimen is too poorly preserved to al-

low confident assignment to any species.

The affinities of 'P. ' Thurmanm Contejean are discussed

under R. vagans.

'P. ' Sokolowi Borissiak and Ivanoff (erected for a form

with 13 plicae which is inseparable from R. fibrosus) must be

rejected as a iunior primary hononym of 'P.' Sokolowi Re

towski (? = Propeamussium (P.) nonarium q. v.).
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Text fig. 192: Radulopecten fibrosus

number of plicae on left valve.
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5. STRATIGRAPHIC RANGE

There are no unequivocal records of R. fibrosus before the

Callovian. Quenstedt's (1852) record of 'P.' fibrosus from

the Bathonian in fact refers to R. vagans while Terquem and

Jourdy's ( 1 869) Bathonian record of 'P. ' fibrosus is based on

unfigured and therefore questionably conspecific specimens

(see Section 4). The paralectotype (BM 43306), originally

said to be from the Cornbrash (partlv Bathonian), is more

probably from the Kellaways Beds (Arkell, 1931a) and it

seems likely that a specimen in the GPIG labelled 'Cornbrash,

St. Etienne' is from the L. Callovian (Macrocephalus zone)

part of that formation, the horizon at which R. fibrosus first

occurs in Yorkshire (e. g. YM592) and Pomerania (Stoll,

1934). In the former area the species is quite common in the

Calloviense zone and the M. Callovian Coronatum zone. In

the intervening Jason zone a few specimens are known from

central England (Duff, 1978) and R. fibrosus seems to be

fairly common at this horizon in the Moscow Basin (Lahu-

sen, 1883) and Lithuania (Krenkel, 1915). The last two au-

thors also cite material from the U. Callovian as do Borissiak

and Ivanoff (1917) from central Russia and Stoll (1934) from

Pomerania. Makowsm's (1952) record of R. fibrosus from the

Callovian of Poland is probably from the upper substage.

In the L. Oxfordian definite records from the Mariae zone

are restricted to a few specimens from Yorkshire (author's

collection). In the Cordatum zone the species is however ab-

undant and widespread, continuing thus through the Plicatilis

zone and almost certainly also the Transversarium zone

(U. Oxfordian). Specimens from the Normandy coast and

Dorset are the only definite record of R. fibrosus in the Cau-

tisnigrae zone; the specimens are nevertheless numerous. Ma-

terial described by Roemer (1836) and Brauns (1874) from the

coralliferous beds of the U. Oxfordian in N. W. Germany

may possibly include some specimens from the Cautisnigrae

zone since the Middle Coralline Oolite is apparently of this

age(ARKFLL, 1956: 139). SomeofRoEMER's material was deriv-

ed from the upper 'Coral Rag' which could well be of Deci-

piens zone age (Arkell, 1956: 139). These specimens are cer-

tainly at least as young as the earliest populations of R. fibro-

sus with depressed plicae seen in Dorset (see Section 7). Since

Roemfr did not consider it appropriate to apply any specific

name other than 'P. ' fibrosus J. Sowerby (syntypes with high

plicae) to these specimens, it may be that they exhibit the high

plicae characteristic of earlier populations. If so there would

be clear evidence that forms with low plicae arose by Splitting

rather than phyletic change and it would be necessary to ac-

cord them a separate specific name (cf. p. 11). Roemer, how-

ever mentions specimens with very low plicae in his descrip-

tion of 'P. fibrosus' and it could be that his material from the

upper 'Coral Rag' is the source of this comment. Thus,

pending examination of the material, the author prefers to

adopt the view that the evolution of forms with low plicae

took place phyletically and that they should therefore be

referred to as R. fibrosus.

R. fibrosus is commonand occurs widely in N. W. Europe

in the Pseudocordata zone. L. Kimmeridgian records are

however restricted to a few specimens from S. England

(OUMJ2363; BML19919, L42148, L73018), and specimens

from NW. (BM 25921, 33047, LL 13479; Dollfus, 1863) and

E. (Thurmann and Etallon, 1 862) France. The latest zonally

defined example is from the Cymodoce zone (BM L42148).

6. GEOGRAPHICRANGE

R. fibrosus was essentially a Boreal species probably be-

cause of the widespread development of argillaceous facies

(see Section 8) in the Tethyan region. Certain occurrences of

the species are restricted to north-west, north, central and

north-east Europe (text fig. 184) and are strongly correlated
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with the development of arenaceous facies. The restriction of

the ränge to E. Europe during the U. Callovian (see Sec-

tion 5) cannot be explained by a lack of arenaceous facies else-

where. At least in Yorkshire apparently suitable Sediments

(Hackness Rock) are well developed. However, in the latter

area R. scarburgensis is commonand it may be that the latter

competitively excluded R. fibrosus (see Section 8).

The great reduction in population size which apparently

occurred in the Cautisnigrae zone has no obvious explana-

tion.

Apart from those instances discussed above R. fibrosus is

only known to be common in the Cordatum zone of Alsace

(Roeder, 1 882) and in the 'Oxfordian' of Normandy (MNO).
Other isolated records appear to be mainly derived from

coarse-grained Sediments and the only occurrences of more

than a few specimens in argillaceous facies are in the Nothe

Clay (Plicatilis zone) and Clay Band (Cautisnigrae zone) of

Dorset (author's collection).

R. fibrosus only occurs commonly with R. scarburgensis

in the Cordatum zone of Alsace.

7. DESCRIPTION OF ECOLOGY

R. fibrosus first occurs commonly in the Rellaways Rock

(Calloviense zone) of Yorkshire where it reaches a maximum
height of 25 mm(author's collection). The Sediments are

sandstones, partly oolitic, containing a rather low diversity

benthic fauna dominated by the bivalves Entolium (E.) cor-

neolum, Pinna, Meleagrmella and Modiolus. A similar

sedimentary and faunal association charactenses occurrences

in the Langdale Beds (Coronatum zone) of the same area and

apart from Borissiak and Ivanoff's (1917) record from clay

and Makowski's (1952) record, possibly from clay, all occur-

rences in the Callovian of N. E. Europe (see Section 5) are

known to be associated with similar Sediments. Elsewhere

R. fibrosus is rare in the Callovian although it is widespread

in the L. and M. Callovian (see Section 5). A height of 37 mm
is attained in theL./M. Callovian of Pomerania(STOLL, 1934).

The great majority of Callovian specimens of R. fibrosus

have elevated plicae.

In the Oxfordian of Britain specimens with elevated plicae

are abundant in the calcareous sandstones of the Cordatum

zone (L. Calcareous Grit), where they reach a maximum
height of 26.5 mm(SbM), in biosparites of the Plicatilis zone

(e. g. 'Tngonia' budlestoni Bed [PI. 10, Fig. 15], Shell-

cum-Pebble Bed), where they reach a maximum height of

36.5 mm(OUM J9060), and in contemporaneous oolites

(Hambleton and Malton Oolites). Examples of R. fibrosus

with elevated plicae also occur in oolites in the Transver-

sarium zone of Dorset (' Qualicosta' Bed). However, they are

outnumbered 3:1 by specimens of R. varians. In marly ool-

ites in the Cautisnigrae zone of the same area (in the 'Trigonia
'

clavellata Beds) R. fibrosus outnumbers R. varians 2:1, but

both species are common. The great majority of specimens of

the former species have low, albeit numerous, plicae (e. g.

PI. 10, Figs. 1 1, 12). The maximum height is 32 mm(author's

collection). The associated fauna, as in L. and M. Oxfordian

occurrences of R. fibrosus, is dominated by oysters and

Myophorella. The fauna of sands in the Pseudocordata zone

of Dorset (Sandsfoot Grit) where R. fibrosus is abundant, is

dominated by Pinna (association B of Forsich, 1977) and is

very reminiscent ot Callovian occurrences of R. fibrosus. The

maximum height attained is 39 mm(BM L84954). All speci-

mens have thin shells with low plicae and the intercalary plicae

appear to be added at a faster rate compared to earlier rep-

resentatives (e. g. PI. 10, Fig. 17, cf. also Figs. 13, 16).

R. strictus may be an associate in L. Kimmeridgian occur-

rences in France (see Section 5). In this substage R. fibrosus

reaches a maximum height of 41 mm(BM L73018) in the

Baylei zone and 43.5 mm(BM L42148) in the Cymodoce
zone. Ornamentation is as in the Pseudocordata zone.

8. INTERPRETATION OF ECOLOGY

It is clear from Section 7 that the high energy environment

of arenaceous Sedimentation was favourable to R. fibrosus.

The general rarity of R. fibrosus in argillaceous Sediments

could be due to competitive inferiority to R. scarburgensis,

which is widespread in such Sediments, rather than to an ac-

tual dislike of low energy depositional environments. Evi-

dence for the latter view is provided by the local occurrence of

numbers of R. fibrosus in clay horizons where R. scar-

burgensis is absent (Nothe Clav, Clav Band). The occurrence

of numerous examples of R. fibrosus together with R. scar-

burgensis in the Cordatum zone of Alsace seems however to

argue against any competitive reaction between the species.

Nevertheless, it may be that the two species are derived from

different horizons within the zone thus a lack of competition

is not proven.

Competitive inferiority to R. varians is perhaps suggested

by the relative rarity of R. fibrosus in association with this

species in apparently suitable Sediments in the Transver-

sarium zone. However it should be borne in mind that the

shells have undoubtedly been transported and that the present

disparity in numbers may not reflect the original Situation. If

competition is inferred in the Transversarium zone the com-

mon occurrence of both R. fibrosus and R. varians in the

Cautisnigrae zone of Dorset must be taken to imply a subse-

quent suppression of competition by niche partitioning.

There is little evidence of competition with R. strictus, a

probable descendant of R. varians.

The size and morphology of R. fibrosus seems to be unre-

lated to environment.

9. FUNCTIONALMORPHOLOGY

Although the byssal noteh is sometimes shallow, the small

to moderate adult size allows that R. fibrosus could have been

byssally attached throughout ontogeny. The reduced or-

namentation of the right valve is paradigmatic for tight fixa-

tion. The depressed plication of the left valve characteristic of

later populations of R. fibrosus is also paradigmatic for byssal

fixation (on hard Substrates) but it would have reduced the

strength of the shell and consequently its ability to withstand

predatory attacks. Since depression of the plicae results in

greater streamlining it is additionallv paradigmatic for swim-

ming wherebv, moreover, it is possible to avoid predation in a

way other than by simply offering passive resistance. It may

be that later populations of R. fibrosus moved into a new

niche to avoid competition with R. varians and adoption of

the free-hving mode of life postulated above (contrasting with
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the byssate mode of life of R. vanans) may have been the rel-

evant move. In inferring adaptive value for the morphology

of later forms of R. fibrosus on the basis of the above argu-

ment it should be borne in mind that the evidence for compe-

tition between R. fibrosus and R. varians (in the Transver-

sarium zone) is very weak (see Section 8) and that if the

species did not compete it cannot be inferred that there was

subsequent niche partitioning.

10. ORIGINS AND EVOLUTION

The most likely ancestor for R. fibrosus is R. vagans and

since the first occurrence of the former is within the geog-

raphic ränge of the latter the possibility of sympatric specia-

tion cannot be ruled out. R. fibrosus can be viewed as the

product of 'genetic assimilation' and heterochronic accelera-

tion in variants of R. vagans with 10-13 initial plicae (cf.

R. varians). Such variants are, however, uncommon so sim-

ple regulatorv changes, as implied by the above, may not have

been the sole cause of evolution.

The lower mean plical height characteristic of Cautisnigrae

zone and later populations of R. fibrosus is a reflection not

only of the loss of forms with elevated plicae but also of the

addition of forms with lower plicae than even the most ex-

treme representatives (e. g. PI. 10, Fig. 10) of earlier popula-

tions. Evolution must therefore have involved some addition

to the gene pool.

On the basis of a specimen (PI. 10, Fig. 7) from a loose

block with relatively high plicae, the author previously con-

cluded (Johnson, 1980) that mean plical height was slightly

greater in the Cautisnigrae zone than in the later Pseudocor-

data zone. A somewhat protracted episode of evolution in

R. fibrosus would thus have been evinced (spanning several

zones). However, re-examination of the specimen's matnx

suggests that it may well be derived from the 'Qualicosta' Bed

(Transversarium zone) thus there may have been no change in

mean plical height between the Cautisnigrae and Pseudocor-

data zones. Evidence that evolution in R. fibrosus was indeed

compressed into a short penod of time is supphed by matenal

from Linton Hill, Abbotsbury, Dorset. Here forms with ele-

vated plicae (recorded as 'Cblamys' fibrosa) were recovered

by Arkell (1936b: 88) from the Sandy Block (uppermost

Transversarium zone) while the author has recovered a

specimen with low plicae from a horizon only 2m higher ( in

Arkell's bed 5).

The fact that the reduction in the plical height of R. fib-

rosus apparently occurred at the very end of the Transver-

sarium zone argues against any idea of change as a response to

the (rather earlier) appearance of R. varians and thus renders

implausible the adaptive explanation advanced in Section 9.

The alternative explanation, that change was through genetic

drift and involved no increase in the level of adaptation, must

be considered reasonable because R. fibrosus apparently suf-

fered a population crash (as would promote change through

genetic drift) at the time of evolution (see Section 5).

It is possible that the apparent increase in the rate of plical

intercalation between the Cautisnigrae and Pseudocordata

zones is an Illusion created by the larger size of specimens

from the latter zone. Even if it is real it is a much less marked

change than the slightly earlier reduction in plical height. The

reduction in shell thickness in the Pseudocordata zone could

well be a product of CaCo3
dissolution in the porous sand-

stones of this zone.

Although R. fibrosus exhibits an overall phyletic increase

in maximum height the pattern of change from 25 mm
(L. Callovian; ?37mm[Stoll, 1934]) to 26.5 mm(L. Oxfor-

dian) to 36.5 mm(M. Oxfordian) to 32 mm(U. Oxfordian,

Cautisnigrae zone) to 39 mm(U. Oxfordian, Pseudocordata

zone) to 41.5 mm(L. Kimmeridgian, Baylei zone) to 43.5

(L. Kimmeridgian, Cymodoce zone) is somewhat oscillat-

ory.

The decline and extinction of R. fibrosus in the Kimmerid-

gian may relate to the widespread developinent of argillaceous

facies (see Section 8).

Radulopecten scarburgensis (Young and Bird 1822)

PI. 10, Figs. 23, 25-29, ?Fig. 19, ?P1. 11, Figs. 1, 3;

textfigs. 193-200

1822

1829

v* 1833

v*? 1833

1845

v 1850

1852

vnon 1858

1859

1860

1862

1864

1878

1880

1881

1882

1894

1897

1901

1904

v 1905

1910

? 1915

1915

v 1916

Synonymy

Pecten Scarburgensis sp. nov; YOUNGand BlRD,

p. 234, pl. 9, fig. 10.

Pecten fibrosus J. Sowerby; Phillips, pl. 6, fig. 3

(non J. Sowerby sp.).

Pecten subarmatus sp. nov; MÜNSTERin GOLD-

FUSS, p. 47, pl. 90, fig. 8.

Pecten subcancellatus sp. nov; MONSTERin GOLD-

FUSS, p. 47, pl. 90, figs. 9a-c.

Pecten discrepans sp. nov; BROWN,p. 157.

Pecten fibrosus J. SOWERBY;D'ORBIGNY, v. 1,

p. 341 (non J. SOWERBYsp.).

Pecten fibrosus ot var. nov; BRONN, p. 211 (non

J. Sowerby sp.).

Pecten subarmatus MONSTER;QUENSTEDT,p. 754,

pl. 92, figs. 8,9.

Pecten Bavoux sp. nov; CONTEJEAN, p. 316,

pl. 23, fig. 6.

Pecten fibrosus J. SOWERBY;DÄMON,pl. 3, figs. 1,

la (non J. SowERBYsp.).

Pecten Laurae sp. nov; ETALLON in ThüRMANN
and ETALLON, p. 253, pl. 35, fig. 6.

Pecten cf. Laurae ETALLON; V. SEEBACH, p. 98.

Pecten subarmatus MONSTER;DE LORIOL, p. 158,

pl. 22, fig. 2.

Pecten fibrosus J. SOWERBY;DÄMON,pl. 3, figs. 1,

la (non J. SOWERBYsp.).

Pecten subarmatus MONSTER;DE Loriol, p. 85,

pl. 12, figs. 2-A.

Pecten fibrosus J. SOWERBY;ROEDER,p. 50, pl. 1,

figs. IIa, IIb (non J. Sowerby sp.).

Pecten Laurae ETALLON; DE LORIOL, p. 47, pl. 5,

fig. 5, pl. 6, fig. 3.

Pecten Laurae; ETALLON; DE LORIOL, p. 127.

Pecten (Cblamys) subfibrosus D'ORBIGNY; DE

LORIOL, p. 106 (non d'Orbigny sp.).

Pecten (Cblamys) Laurae ETALLON; DE LORIOL,

p. 218.

Pecten Laurae ETALLON; PERON, p. 216.

Cblamys subarmata (MONSTER); LlSSAJOÜS,

p. 361, pl. 10, fig. 1.

Pecten (Aequipecten) sp. nov; ROLLIER, p. 470,

pl. 31, figs. la—c.

Pecten (Aequipecten) Catharinae sp. nov; ROL-

LIER, p. 472, pl. 30, figs. 8-10.

Pecten fibrosus J. SOWERBY;DOOVILLE, p. 74,

pl. 10, figs. la, lb (non J. Sowerby sp.).
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Text fig. 194: Radulopecten scarburgen height/length.

described in Section 3 is known hereinafter as Radulopecten

scarburgensis. Duff (1978) has designated as neotype a left

valve (SM J 12398) whose plicae are initially high and fairly

wide but become relatively low and somewhat narrow later in

ontogeny, and whose plical lamellae are fairly widely spaced

early in ontogeny and closely spaced later, but continuous

across the sulci at all stages of growth.

Phillips (1829) and d'Orbigny (1850) misinterpreted

J. Sowerby's (1816) hypodigm for 'P.' fibrosus and applied

this name to specimens of R. scarburgensis. Subsequently,

numerous authors have similarly misapplied J. Sowerby's

specific name (see R. fibrosus for a fuller discussion). Brown

(1845) realised Phillips' mistake and erected 'P.' discrepans

for the latter's figured specimen. d'Orbigny's species

'P. ' subfibrosus, erected for forms which are in fact identical

to J. Sowfrby's species, was itself misapplied by de Loriol

(1901, ?1897, ?1900, ? 1904) to specimens of/?. scarburgensis.

The left valve of the figured syntype of 'P. ' subarmatus

Münster (BSPHG AS VII 621; PI. 10, Fig. 29; 1) has high

and moderately wide plicae throughout ontogeny and widely

spaced plical lamellae which are not continuous across the sul-

ci. Quenstedt (1858) applied Münster's specific name to a

specimen (GPIT) which has the conical spines diagnostic of

R. sigmaringensis. Byciting specimens from the Tithonianof

S. W. Germany (see Section 5 and p. 217) and including 'P.'

('Aequipecten') Sigmaringensis in his synonymy, Staev im

(1926) indicates that his concept of 'Ae.' subarmatus in-

cluded forms which are referable to R. sigmaringensis as well

as to R. scarburgensis.

The sole observed type of 'P. ' subcancellatus Münster

(BSPHG) isa small left valve (H: 17) with low, narrow plicae

and continuous comarginal lamellae. The abnormally small

number of plicae (7) and low H/UA (2) may distinguish it

from R. scarburgensis.
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Text fig. 195: Radulopecten scarburgensis - height/umbonal angle.

20-

10-

"i
1 r

20

L

40
1 I

Text fig. 196: Radulopecten scarburgensis - intersinal distance on right valve/length.

The figures of 'P. ' Bavoux Contejean (3) and 'P. ' Laurae

Etallon depict specimens with narrow original plicae and

numerous intercalanes.

'P.' ('Ae.') Catharinae Rollier was said to be between

'P. ' Laurae and 'P. ' subarrnatus and therefore cannot be ac-

corded a specific distinction in the hght of the preceding dis-

cussion. 'P. ' ('Ae. ') sp. nov; Rollier was said to be a 'muta-

tion' of 'P. ' Laurae. The figured specimen is too poorly pre-

served for specific determination.

'Chlamys' (R.) tippen Cox and 'Ch.' (R.) moondanensis

Cox were both compared to 'P. ' Laurae. The former comes

from an anomalously early horizon (Bajocian) for R. scar-

burgensis and the paratype (BM L63157) has an unusually

high H/UA (4). The latter comes from an abnormally late
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horizon (Tithonian) and the paratype (BM L75243; PI. 11,

Fig. 1 ), a right valve, has rather widely spaced comarginal Or-

nament. This could, however, be due to its exceptional size

(H: —170). 'Ch.' (R.) kinjeleensis Cox was compared to

'Cb.' (R.) inaequicostata (= R. inequicostatus herein) but

the presence of 10 plicae allies it with R. scarburgensis al-

though the byssal notch is unusually deep for the latter

species.

The original description of 'P.' subinaequicostatus

Kasansky has proved impossible to trace but Borissiak and

Ivanoff's (1917) specimen figured under this name (5) has 9

plicae and is indistinguishable from R. scarburgensis.

Newton's (1921) figure of 'Ch.' articulatus (Schlotheim)

is much closer to R. scarburgensis than to Schlotheim's

species (? = R. inequicostatus).

The species may occur in the Tithonian of Cutch, N. W.

India (Cox, 1952; see Section 4).

6. GEOGRAPHICRANGE

In the Callovian and Oxfordian R. scarburgensis was a

widespread species in Europe (text fig. 199) and extended

along the southern margin of Tethys at least as far as the

equator (text fig. 200). Within this region local distribution

was largely related to the development of argillaceous facies

(see Section 8). The absence of the species from such facies in

the Kimmeridgian of N. W. Europe is roughly correlated

with its first occurrence at the southerly palaeolatitude of

Tanzania (see Section 5) and seems to imply a wholesale

southward migration.

5. STRATIGRAPHIC RANGE

With the exception of a doubtful occurrence in the Bajocian

of Iran (Cox, 1936; see Section 4) there are no records of

R. scarburgensis untiltheL. Callovian whenafewspecimens

are known from the Kellaways Rock (Calloviense zone) of

Yorkshire (BM 1 1030, YM605e) and Wiltshire (Dürr, 1978)

and from the L. Oxford Clay (Calloviense zone) of Bedford-

shire (Duff, 1978). A specimen from the U. Cornbrash

(Macrocephalus zone) of Yorkshire (BM 47431; PI. 10,

Fig. 19) may be a slightly earlier representative of R. scar-

burgensis but the possibility cannot be excluded that it is an

extreme variant of R. jibrosus. All remaining substage-

defined records of R. scarburgensis in the Callovian are from

the U. Callovian, where the species is locally common (see

Section 7).

The species is locally common throughout the Oxfordian

but undoubted Kimmeridgian records are limited to three

specimens from S. W. Germany (GPIT, BSPHG[2]), and a

few from the Jura (Contfif an, 1859; of Loriol, 1878, 1881).

Stefanini (1939) records an indeterminate number of speci-

mens from the Oxfordian/Kimmeridgian of Somalia and

Dutrich (1933) records a single specimen from the 'Kim-

meridgian/Portlandian' of Tanzania.

7. DESCRIPTION OF ECOLOGY

R. scarburgensis occurs commonly in clays of the Lamberti

zone (U. Callovian) in Buckinghamshire (J. Hudson and

P\i i raman, 1969) in association with a benthic fauna domi-

nated by Pinna and Gryphaea. The maximum height attained

is 50 mm(OUMJ9548). The species is also quite common in

roughly contemporaneous chamosite oolith-bearing sand-

stones in Yorkshire (Hackness Rock). Young and Bird(1822)

cite specimens 3" (76 mm) long from this horizon although

the largest known museum specimen (Duff, 1978) has a

length of only 41.5 mm(H: c^48).

In France, R. scarburgensis is quite common in the

U. Callovian clays of the Dijon area (DM) where a maximum

height of 55 mmis attained. Numerous 'Callovian' museum

specimens (MNO) from Normandy and Sarthe are almost

certainly derived from similar facies and may well be contem-

poraneous. The maximum height is 76 mm. Although not

common R. scarburgensis also occurs in argillaceous facies in

the U. Callovian of Dorset (BM unnumbered), E. Spain

(Behmel, 1970), central Russia (Borissiak and Ivanoff, 1917)

andS. Israel (R. Hudson, 1958). Other Callovian records are

limited to two specimens (BM LL30877-8) from muddy sand-

stones in Portugal, an indeterminate number of specimens,

Text fig. 199: Radulopecten scarburgensis - European distribution.
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Text fig. 200: Radulopecten scarburgensis - World distribution (Callovian reconstruction).

probably from similar facies, in the Caucasus (Borissiak and

Ivanoff, 1917) and the few specimens from the lowest sub-

stage mentioned in Section 5.

The great majority of Callovian examples of R. scar-

burgensis have initially high original plicae which subse-

quently undergo an allometric reduction in height such that

the comarginal lamellae on the left valve, after being widely

spaced early in ontogeny, become relatively closely spaced.

The original plicae are usually fairly wide throughout on-

togeny so that development of intercalary plicae is not com-

mon. PI. 10, Fig. 28 illustrates a typical specimen.

In the L. Oxfordian R. scarburgensis occurs quite com-

monly in the 'Terrain ä Chailles' of Alsace (Roeder, 1882) and

the Yonne (Peron, 1905). The species also occurs commonly

in the marls and marly hmestones of the 'Oxfordien Superieur

et Moyen' of the Ledonian Jura (de Loriol, 1904) and in

similar facies at an unspecified horizon in the Oxfordian of

Sinai (Douville, 1916). Museum specimens (NM) from the

coral-rich U. Oxfordian Sediments of Meurthe and Moselle

are fairly common and reach a maximum height of 90 mm.
Museumspecimens (MNP) from similar facies in the U. Ox-

fordian of the Yonne are also not uncommonand reach a max-

imum height of 92 mm. R. scarburgensis does not appear to

be commonelsewhere in the Oxfordian. Specimens from the

coral-rich L. Oxfordian of the Bernese Jura (de Loriol,

1894), from coralliferous Hmestones and marls in the U. Ox-

fordian of the Rhone (Lissajous, 1910; Roman, 1926) and

from clays of the L. Oxfordian in central England (BM
LL7546) constitute the only other records where facies are

known.

A high proportion of Oxfordian specimens of R. scar-

burgensis have initially low plicae but plical height usually in-

creases isometrically (e. g. PI. 10, Fig. 27) as it also does in

specimens with initially high plicae. Consequently forms

with initially widely spaced and forms with initially closely

spaced comarginal lamellae are both well represented but

forms with closely spaced lamellae late in ontogeny are quite

rare. A fairly high proportion of specimens have narrow orig-

inal plicae late in ontogeny so development of intercalary

plicae is quite frequent (e. g. PI. 10, Fig. 27).

All of the relatively few European Kimmeridgian records

(see Section 5) excepting Contejean's (1859) single specimen

(from coral/Diceras facies) are derived from argillaceous Sed-

iments. The pattern of ornamental Variation is much the same

as in the Oxfordian except that forms whose plicae undergo an

allometric reduction in height (and which consequently have

closely spaced lamellae late in ontogeny) are apparently ab-

sent. PL 10, Fig. 29 illustrates a Kimmeridgian specimen.

8. INTERPRETATION OF ECOLOGY

It is clear from Section 7 that the low energy environment of

argillaceous Sedimentation was favourable for R. scarburgen-

sis. The species could not, however, tolerate low energy con-

ditions where accompamed by reduced oxygen tension (e. g.

L. Oxford Clay of England).

The isolated occurrence of numerous specimens of

R. scarburgensis in arenaceous Sediments in the U. Callovian

of Yorkshire indicates that high energy environments could

be tolerated and this seems to be emphasised by the fairly

commonoccurrence and large size of specimens in the coral-

rich U. Oxfordian of the Yonne and Meurthe and Moselle. In

the latter cases, however, the micritic matrix of museum

specimens suggests that the species may have colonised low

energy inter-reef hme muds.

Chlamys septcmradiata, a Recent free-hving species which

inhabits deep water muds in the First of Clyde (J. Allen,

1953), is a close morphological analogue of R. scarburgensis.

9. FUNCTIONALMORPHOLOGY

The small byssal notch and equal auricles of most speci-

mens of R. scarburgensis implv abandonment of byssal fixa-

tion in favour of rechmng at an early age. Even in forms with a

moderately deep byssal notch it is very doubtful whether at-

tachment was maintained to heights anywhere near the max-
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imum. All examples of the Recent analogue Ch. septem-

radiata observed by the author, including specimens as small

as H: 30, were free hving.

Ontogenetic increase in umbonal angle is paradigmatic for

prolonging swimming ability, presumably as a means of es-

caping predators. Shell thickening in large specimens is non-

paradigmatic but may represent a switch to a 'siege' policy

towards predators late in life.

The lack of comarginal lamellae on the medial plicae of the

right valve at all but the latest ontogenetic stages could be due

to inhibited growth through contact with the Substrate

(Staesche, 1926) but is more probably due to swimming ac-

tivity (see above) leading to abrasion.

HAA: 5.5, AH: 7, PH: 7, I R : 13, N: 1,

PL: 12, UA: 92; Malm
£,

(L./M. Tithonian),

Jungnau, S. W. Germany.

I. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'Le 'P.' subarmatus figure par Quenstedt, Jura (1858),

p. 754, 758, t. 92, f. 8-9, du Danubien infer. (W. Jura£) des

environs de Sigmaringen (Hohrain) ne repond plus du tout ä

l'espece du Crussolien, eile est beaucoup plus aigü (angle api-

cal 88°) sans costules intermediaires, et portant des ecailles

coniques, pointues. Je propose de l'appeler P. (Ae.) Sig-

maringensis sp. nov. i. f. Qu. P. subarmatus, non Goldf.'

10. ORIGINS AND EVOLUTION

Themostlikely ancestorfor R. scarburgensis is R. vagans.

The important changes in morphology, the early develop-

ment and relatively invariant number of initial plicae, could

have been brought about by heterochronic acceleration and

'genetic assimilation' (Waddington, 1957) so modifications

of the regulatory System may underhe the greater part of

trans-specific evolution.

There is no reason to suppose that the stratigraphic change

in the mean form of the ornament of R. scarburgensis (see

Section 7) is anything other than an evolutionary phenome-

non. Since there appears to be no addition to the ränge of or-

namental Variation the change in mean form could have re-

sulted purelv from seleetion (i. e. without addition to the gene

pool). The reason for this phyletic evolution is not apparent.

The maximum height of available museum specimens in-

creases from the Callovian (76 mm) to the Oxfordian

(92 mm). The Kimmeridgian value (59 mm; BSPHGAS VII

621) is derived from a very small sample (see Section 5) and

therefore does not necessarily imply reversal of a phyletic

trend towards greater size. Possibly conspecific specimens

from the Tithonian (see Section 4) have a maximum height of

170 mm.

Although the Kimmeridgian decline of R. scarburgensis is

contemporaneous with the first records of R. sigmaringensis

there is no reason to suppose that the former was outcom-

peted bv the latter as R. sigmaringensis is a very rare species

in the Kimmeridgian.

Radulopecten sigmaringensis (Roleier 1915)

PI. 11, Figs. 5, 6; text figs. 201,202

Synonymy

v 1858 Pecten subarmatus Monster; Quenstedt, p. 754,

pl. 72, figs. 8, 9 (non MUNSTERsp.).

v* 1915 Pecten (Aequipecten) Sigmaringensis sp. nov;

ROLLIER, p. 474.

p 1926 Aeqmpecten subarmatus (MONSTER); STAESCHE,

p. 68 (non MONSTERsp.).

Holotype (M) of Pecten (Aequipecten) Sig-

maringensis Rollier 1915, p. 474; GPIT
4-72-8; figured Quenstedt, 1858, pl. 72,

figs. 8, 9; PI. 1 1 , Fig. 6 herein; H: 27.5, L: 24,

2. AMENDEDDIAGNOSIS

Distinguished from all other species of Radulopecten by

the spinöse rather than lamellose ornament on the plicae.
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Text hg. 201: Radulopecten sigmaringensis - height/length.

3. AMENDEDDESCRIPTION

Essentially very similar to R. scarburgensis, differing only

by the diagnostic feature (see Section 2; PI. 11, Fig. 5), by the

invariant number of original plicae (LV: 1 1 , RV: 12), by the

rarity of intercalary plicae and by the smaller maximum size

(!,,,„: 68; GPIT). H/L and H/UA are plotted in text

figs. 201, 202.

4. DISCUSSION

A number of examples of the species described in Section 3

in the GPIT are wrongly labelled Pecten subarmatus Mons-

ter (= Radulopecten scarburgensis), including the specimen

(PI. 11, Fig. 6; 1) figured by Quenstedt (1858). The latter

formed the basis for 'P. ' ('Aequipecten') Sigmaringensis Rol-

i [ER and becomes ipso facto the holotype (M).

Staesche's (1926) record of 'Ae. ' subarmatus is discussed

linder R. scarburgensis.
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Text fig. 202: Radulopecten sigmaringensis - height/umbonal angle.

5. STRATIGRAPHIC RANGE

Three specimens (GPIT) from the Malm f (Kimmeridgian)

constitute the earliest records of R. sigmaringensis. All other

records are from the Malm;- (L./M. Tithonian) apart from a

single specimen (MNS) from the 'Portlandian' (U. Titho-

nian).

6. GEOGRAPHICRANGE

All records of R. sigmaringensis are from S. W. Germany

except for the Single U. Tithonian specimen which is from

Nantua (French Jura).

7. DESCRIPTION OF ECOLOGY

Four of the rwelve 'Malm t; ' specimens (GPITjl 1], BM;

see Section 5) are also labelled 'Zementmergel' and by the

similarity of the matrix it seems probable that the remaining

specimens are likewise derived from this formation, a

L. Tithonian marl sequence.

Specimens from the Kimmeridgian and U. Tithonian are

derived from marly limestones.

8. INTERPRETATION OF ECOLOGY

The fine-grained Sediments in which R. sigmaringensis is

found probably afforded a soft Substrate at the time of deposi-

tion.

9. FUNCTIONALMORPHOLOGY

Since R. sigmaringensis is morphologically almost identi-

cal to R. scarburgensis a similar reclining mode of life after a

briet byssate phase can be mferred.

Thefunction, if any, of theplical spinesof R. sigmaringen-

sis is, like the plical lamellae of R. scarburgensis, unclear.

The fuller development on the left valve and small size of both

spines and lamellae rules out any possibility that they might repre-

sent a 'snow-shoe' adaptation to the soft Substrates occupied by

R. sigmaringensis and R. scarburgensis.

10. ORIGINS AND EVOLUTION

R. sigmaringensis almost certainly arose from R. scar-

burgensis and since the former species is first known within

the geographic ränge of the latter the possibility of sympatric

speciation cannot be ruled out. The development of spines

rather than lamellae cannot be explained by heterochrony so

trans-specific evolution probably involved some change in the

structural genome.

The few available specimens (16) give no indication of any

phyletic trends in R. sigmaringensis. The largest specimen (L:

68; GPIT) is from the L. Tithonian.

Radulopecten inequicostatus (Young and Bird 1822)

PI. 1 1, Figs. 2, 4, 7-9; text figs. 203-213

Synonymy

? 1820 Pectinites articulatus sp.nov; SCHLOTHEIM,p. 227.

1822 Pecten inequicostatus sp. nov; YOUNGand BlRD,

p. 235, pl. 9, fig. 7.

1829 Pecten inaeqmcostata sp. nov; PHILLIPS, p. 129,

pl. 4, fig. 40.

vnonl833 Pecten articulatus (SCHLOTHEIM); GOLDFUSS,

p. 47, pl. 90, fig. 10.

1836 Pecten octocostatus sp. nov; ROEMER,p. 69, pl. 3,

fig. 18.
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? 1915 Pecten sp. (inaequicostatus Phillips?); Krenkel,

p. 297.

Pecten sp. (sp. nova?); K.RENKEL, p. 298.

Chlamys articulata var. notgroviensis var. nov;

Paris and Richardson, p. 525, pl. 45, fig. 2.

Chlamys articulata var. sauzeana var. nov; PARIS

and Richardson, p. 526, pl. 45, figs. 3a, 3b.

Pecten articulatus (SCHLOTHEIM); FAURE-MAR-

GUERIT, p. 59.

Pecten articulatus (SCHLOTHEIM) var. passant ä

Pecten anastomoplicus Gemmellaro and Dl

Blasi; Faure-Marguerit, p. 59.

Pecten cf. inaequicostatus PHILLIPS; READet al.,

p. 81.

Chlamys inaequicostata (Phillips); Roman,

p. 194.

Aequipecten inaequicostatus (PHILLIPS); ARKELL,

p. 545, pl. 34, fig. 1.

v 1931a Chlamys (Radulopecten) inaequicostatus (PHIL-

LIPS); ARKELL, p. 118, (1930a) pl. 8, figs. 4-7.

1935a Chlamys inequicostata (Young and BlRD); AR-

KELL, p. xiv.

1935a Chlamys (Aequipecten) sp; Cox, p. 177, pl. 23,

fig. 8.

'

? 1915

v* non 1916

v* non 1916

non 1920

non 1920

? 192}

1926

v 1926

1936a Chlamys (Radulopecten) inequicostata (YOUNG
and BlRD); ARKELL, pl. 52, figs. 1, 3.

? 1936 Aequipecten biplex (BuviGNIER); DECHASEAUX,

p. 150.

1936 Aequipecten inaequicostatus (PHILLIPS); DECHAS-

EAUX, p. 51, pl. 7, fig. 6.

1936 Aequipecten ursannensis (DE LORIOL); DECHAS-

EAUX, p. 57, pl. 8, fig. 7.

? 1936 Aequipecten semiplicatus (FiTALLON); DECHAS-

EAUX, p. 58.

1938 Chlamys (Radulopecten) cf. inaequicostata (PHIL-

LIPS); R. Hudson, p. 423.

? 1959 Chlamys (Radulopecten) nagatakensis KURATA
and KlMURA;TAMURA, p. 58, pl. 6, figs. 31, 32.

1965 Chlamys (Radulopecten) inaequicostata (PHIL-

LIPS); Cox, p. 59, pl. 7, fig. 6.

1971 Chlamys (Radulopecten) inaequicostata (PHIL-

LIPS); WORSSAMand IVIMEY-COOK, p. 40.

Neotype of Pecten inequicostatus Young
and Bird 1822, p. 235, pl. 9, fig. 7 designated

herein; BM 23173; PI. 11, Fig. 8 herein;

Corallian (Oxfordian), Malton, Yorkshire.
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Text fig. 204: Radulopecten inequicostatus - height/umbonal angle.

1. ORIGINAL DIAGNOSIS ANDDESCRIPTION

'Nos. 2 and 7 are of that class of pectens which have a

crooked appearance, leaning or bending to one side. .

.

No. 7, similar in shape [to 'p.' Roseburiensis and '/>.'

plagiostomus], is from the oolite. It has seven or eight ribs, of

which those in the middle are vastly larger than those on either

side. If it is not the p. flavicans, we might name it p. in-

equicostatus.

2. AMENDEDDIAGNOSIS

Distinguished from all other species of Radulopecten by

the inequality of the initial plicae.

3. AMENDEDDESCRIPTION

Essentially very similar to R. vagans. Differing by the

diagnostic feature (see Section 2); by the consistently early
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Text fig. 206: Radulopecten inequicostatus - height of anterior auricle/length.

development of plicae, relatively invariant number of initial

plicae (5-9; text fig. 211) and rarity of intercalary plicae; by

the consistently wide spacing of the plical lamellae on the left

valve and lack of lamellae on the right valve, even in large

specimens (PI. 1 1, Fig. 9); by the greater convexity, thicker

shell (PI. 11, Fig. 4) and more commonattainment of a large

size (see Section 7; Hmax : 75; MNP); by the ontogenetic de-

crease in H/L (text fig. 203) and by the marked ontogenetic

increase in umbonal angle and larger mean H/UA (text

fig. 204). Other metric proportions are plotted in text

figs. 205-210.

Although the plicae are of unequal size in any individual

the pattern of Variation is relatively consistent between

individuals,with the medial and antero-medial plicae usually

the widest.

4. DISCUSSION

Most authors have applied Phillips (1829) name inae-

quicostatus to the species described in Section 3. However,

Arkell (1935a) pointed out that Young and Bird (1822) de-

scribed and figured an undoubted example of the species de-

scribed in Section 3 under 'pecten' inequicostatus and that

this name should therefore be the senior synonym. Young

and Bird's specimen is without doubt lost so a neotype (BM

23173; PI. 11, Fig. 8) is herein designated.

A figured specimen assigned to 'P. ' tnaequicostatus Phil-

lips by Lahusen (1883) is derived from an unusually early

horizon (Callovian; see Section 5) and has 12 plicae and ab-

normally low values of HAA/L and N/L ( 1 ). It more proba-

bly belongs to Radulopecten scarburgensis. In view of the

possibility of confusion for R. scarburgensis unfigured Cal-

lovian specimens either assigned to (Bean, 1839; Lycett,

1863; Semenow, 1896) or compared with (Krenkel, 1915;

Read et al., 1925) Phillips's species can only be tentatively

accepted as representatives of R. inequicostatus. Lycett's

(1863) misuse of Phillips's specific name for a L. Callovian

specimen of R. vagans is discussed under the latter species.

Kilian and Guebhard's (1905) record of 'P.' ('Aequipecten')

ct. tnaequicostatus from the 'U. Kimmeridgian-L. Portlan-

dian' can only be tentatively synonymised in view of the ex-

ceptionally late stratigraphic horizon and lack of a figure.
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Text fig. 208: Radulopecten inequicostatus - intersinal distance on right valve/length.

The figure of 'P. ' biplex Buvignier (2) depicts a specimen

which is in many respects similar to R. inequicostatus but

which appears to possess the intercalary plicae more charac-

teristic of R. vagans. Dechaseaux (1936), who may have had

access to the specimen, has allied Buvignier's species with

'Aequipecten' inaequicostatus (Phillips). The latter author

allied Etallon's species 'P. ' semiplicatas with 'Ae. ' vagans

but the original description specifies its closeness to Roemer's

(1836) species 'P.' octocostatus (emend. septemcostatus

1839), an undoubted synonym of R. inequicostatus. Kilian

and Guebhard's (1905) unillustrated record of 'P.' ('Ae.') oc-

tocostatus from the Callovian can only be tentatively

synonymised owing to the possibility of confusion for

R. scarburgensis (see above).

The figures of 'P. ' Necken de Loriol and 'P.' Ursannen-

sis de Loriol both depict specimens with 6 plicae and metric

proportions of the former (3) are indistinguishable from

R. inequicostatus. H/UA of the latter (4) is abnormally low
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but this could be due to inaccurate drawing and is no basis for

a specific Separation.

The Ornament of the remaining syntypes of 'P. ' corallinus

d'Orbigny (MNO 4290, 4290B) is indistinguishable from

R. inequicostatus. The exceptionally high HAA/L and PH/L

(5) of MNO4290 is herein considered to represent extreme

Variation within R. inequicostatus.

The author has been unable to trace the original description

of 'Chlamys' (R.) nagatakensis Kurata and Kimura. Tam-

ura's ( 1 959) use of the name is for a specimen from Japan said

to differ from 'Ch. ' (R.) inaequicostata (Phillips) only by the

presence of Striae on the plicae. Since this is in fact a feature of

well preserved examples of Phillips's species (= R. in-

equicostatus) Tamura's specimen may well be conspecific and

Kurata and Kimura's species synonymous with R. in-

equicostatus.

Cox (1935a) compared a specimen from Somalia with Phil-

lips' species. The illustration leaves little doubt that it is an ex-

ample of R. inequicostatus.

The affinities of 'Pectimtes' articulatus Schlotheim and

subsequent references thereto are discussed under Ch. (Ch.)

textoria. Should it turn out that Schlotheim's type material is

in fact representative of the species described in Section 3 an

application to the ICZN for suppression of 'Pe. ' articulatus

might be considered in the interests of stable nomenclature.

20-

10-

Pk
10

Text fig. 211: Radulopecten inequicostatus - frequency distribu-

tion for number of plicae on left valve.

Two specimens from the 'Rauracien Interieur' of the Swiss

Jura (de Loriol, 1 894) constitute the only certain records

from the L. Oxfordian but R. inequicostatus is locally abun-

dant in the M. and U. Oxfordian (see Section 7).

Certain Kimmeridgian records are restricted to the eastern

Jura (de Loriol, 1881) and to the southern and eastern parts

of the Paris ßasin (MNP; Dechaseaux, 1936). R. inequicos-

tatus is recorded from the Oxfordian/Kimmendgian of

Haute Marne (de Loriol et al., 1872), Charente Maritime

(Coquand, 1860) and Poland (Siemiradzki, 1893).

There are no certain records of R. inequicostatus after the

Kimmeridgian. A Tithonian specimen referred to 7V ('Ae-

quipecten') cf. inaequicostatus Phillips by Kilian and

Guebhard (1905) is discussed in Section 4.

5. STRATIGRAPHIC RANGE

Four specimens (GPIT; PL 11, Fig. 2) from theGreatOol-

ite (Bathonian) constitute the earliest records of R. inequicos-

tatus. Certain Callovian records are restricted to rwo rather

poorly preserved specimens (YM 592f, BML21817) from the

U. Cornbrash of Yorkshire. Brighton (pers. comm. in Cox
andARKELL, 1948: 13) has shown that Lycett's (1863) figured

specimen of 'P. ' inaequicostatus Phillips, supposedly from

the U. Cornbrash of Yorkshire, is in fact derived from the

Oxfordian. Doubtfully conspecific specimens from the Cal-

lovian either referred to or compared with species which are

synonymous with R. inequicostatus are discussed in Sec-

tion 4.

6. GEOGRAPHICRANGE

Within Europe (text fig. 212) common occurrences of

R. inequicostatus are strongly correlated with the develop-

ment of coral reef facies (see Section 7). However, within

such facies there appears to be a northward diminution in

numbers, probably due to a temperature restriction. Com-
pared with its abundance in reef facies in France and Switzer-

land R. inequicostatus is rare in reefal and peri-reefal Sedi-

ments in Yorkshire. Only 12 museum specimens (YM 204,

559[2]; BM23173, 23347, 23359, 23363, 47148[2]; SbM
PI 41 , P149; SM) are known and intensive field work by the

author has brought to light only two more somewhat ques-

tionable examples.

Text fig. 212: Radulopecten inequicostatus - European distribution.



224

Text fig. 213: Radulopecten inequicostatus - World distribution (Callovian reconstruction).

To the south of Europe (text fig. 213) R. inequicostatus is

known as faraway as E. Africa(Co\, 1935a, 1965) and to the

east it may extend to Japan (see Section 4).

7. DESCRIPTION OF ECOLOGY

R. inequicostatus is reported (Peron, 1905) to be the most

abundant pectinid in the Oxfordian of the Yonne region and

to be entirely restricted to the coral reef facies, where it

reaches a maximum height of 75 mm(MNP). The associated

fauna is described on p. 88. The species is likewise common
(reaehing a maximum height of 65 mm) in the Oxfordian

coral reef facies in the Swiss Jura (de Loriol, 1893) and the

coral-rich U. Oxfordian Sediments of Meurthe and Moselle

have also yielded numerous speeimens (NM; Hmax : 54).

R. inequicostatus is not known to be common elsewhere in

the Oxfordian but with the exception of solitary speeimens

cited by de Loriol (1895) and Cox (1935a) all records (text

figs. 212, 2 13) are associated with corals, orcoral-dwelling, or

facultatively coral-dwelling pectinids (see p. 88). Most, if

not all, of the Kimmeridgian and Oxfordian/Kimmeridpan

records (see Section 5) are similarly associated.

8. INTERPRETATION OF ECOLOGY

It is clear from Section 7 that for at least part of its life his-

tory R. inequicostatus was heavily reliant on corals in some

way . The absence of the species from apparently suitable cor-

al-rich Sediments in the L. Kimmeridgian of Montbeliard

(Contejean, 1859) is at present inexplicable.

There is no evidence of competition with Cklamys (Ch.)

textoria, a species which in reefs probably oecupied the same

microhabitats as at least juveniles of R. inequicostatus (see

Section 9).

9. FUNCTIONALMORPHOLOGY

Like the Spondylopecten species with which it usually oc-

curs, R. inequicostatus has a thick and relatively convex shell,

thus the 'wedged' mode of life suggested for the former group

might be inferred for the latter species. However, the lack of

plical lamellae on the right valve argues against such a conclu-

sion and suggests a more conventional mode of life with only

the right valve ever in contact with the Substrate. The presence

of a byssal noteh indicates that the species was byssate, at least

when young, and the association with corals implies that the

latter provided the attachment surface. Adults may have been

forced to rechne by virtue of their large size and thick shells.

The irregulär Ornament, high convexity and thick shell of

R. inequicostatus would have greatly hindered swimming

and in spite of ontogenetic increase in the umbonal angle it

seems likely that adult animals were essentially sessile. The

high convexity and thick shell probably facihtated a 'siege'

pohey against predators.

10. ORIGINS AND EVOLUTION

R. inequicostatus undoubtedly evolved from R. vagans.

Evolution of a form with a relatively invariant number of ini-

tial plicae, consistently developed early in ontogeny,and with

consistently widely spaced plical lamellae and rare intercalary

plicae, is apparently a case of 'genetic assimilation' (Wad-

dington, 1957) and as such implies regulatory change. Other

morphological changes (see Section 3) may imply evolution

of the structural genome.

There are apparently no phyletic changes in R. inequicos-

tatus. Maximum height in the Kimmeridgian (41 mm;MNP)
is considerably less than in the Oxfordian (75 mm) but this is

probably a reflection of the restricted sample (see Section 5)

rather than an evolutionary reduction in size.

The paucity of Callovian records of R. inequicostatus is

probably due to the scarcity of coralliferous facies in Europe

at this time. However, there is no scarcity of coralliferous

facies to aecount for the apparent extinetion of the species in

the Tithonian. A deterministic explanation for the demise of

R. inequicostatus is as yet unavailable.
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APPENDIXI

Species described from the European Jurassic but not discussed in the systematic section of this

work (see p. 17)

Pecten Insularum d'Orbigny 1850

P. nudus Buvignier 1852

P. Kralikii Contejean 1859

P. Jarnacensis Coquand 1860

P. delessei Etallon in Thurmann and Etallon 1 862

P. pauciplicatus Schlonbach 1863

P. mica Dumortier 1869

P. Stoliczkai Gemmellaro 1874

P. acrorysus Gemmellaro and Di Blasi 1874

P. billiemensis Gemmellaro and Di Blasi 1874

P. diplopsides Gemmellaro and Di Blasi 1874

P. grammoprotticus Gemmellaro and Di Blasi 1874

P. nebrodensis Gemmellaro and Di Blasi 1874

P. oppeli Gemmellaro and Di Blasi 1874

P. polyzonites Gemmellaro and Di Blasi 1874

P. siculus Gemmellaro and Di Blasi 1874

P. zitteli Gemmellaro and Di Blasi 1874

P. (Amusium) cryptozonus Gemmellaro and Di Blasi in Gemmellaro 1878

P. (A.) megalotus Gemmellaro and Di Blasi in Gemmellaro 1878

P. clare rugatus Boehm 1883

P.fraudator Boehm 1883

P. spitzbergensis Lundgren 1883

P. indisus De Gregorio 1886b

P. permitinus De Gregorio 1886b

P. supradubius De Gregorio 1 886b

P. leucus De Gregorio 1886d

P. Zwingensis De Loriol 1895

Chlamys menani Greppin 1899

Ch.peticlerci Greppin 1899

P. lima Fucini 1906

Ch. janiroides Cossmann 1907a

P. polycyclus Blaschke 1911

P. (Entolium) Beneckei Rollier 1911

P. (Neithea ?) Rollieri Cossmann 1916

P. Nalivinki Borissiak and Ivanoff 1917

P. Borissiaki Khudyaev 1928

APPENDIX II

Derivation of I50 Values

The moment of inertia (I [k/i]) for a half wavelength of any given sinusoidal corrugation can be

calculated using the following formula from Timoshenko andWoiNOWSKY-KRiEGER(1959): -

I [X r ] =£h
2

[1-OJL , 1
1+2 - 5

(2l)

2

J

Where f = amplitude (in mm.)

h = thickness of material (in mm.)

1 = 2 (' n mm-)

Multiplication by ^~ yields a value for a 50 mmlength of corrugated section (I 50 )-

k

In text fig. 8 the author has resolved into lines of equal I 50 the results of calculations within the

ranges: amplitude 0-5 mm, wavelength 1 —40 mm, thickness of material 0.1-5 mm.


